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Summary: A circadian clock governs most aspects of mammalian behavior. 
Although its properties are in part genetically determined, altered light-dark 
environment can change circadian period length through a mechanism 
requiring de novo DNA methylation. We show here that this mechanism is 
mediated not via cell-autonomous clock properties, but rather through altered 
networking within the suprachiasmatic nuclei (SCN), the circadian “master 
clock,” which is DNA methylated in region-specific manner. DNA methylation 
is necessary to temporally reorganize circadian phasing among SCN neurons, 
which in turn changes the period length of the network as a whole. 
Interruption of neural communication by inhibiting neuronal firing or by 
physical cutting suppresses both SCN reorganization and period changes. 
Mathematical modeling suggests, and experiments confirm, that this SCN 
reorganization depends upon GABAergic signaling. Our results therefore show 
that basic circadian clock properties are governed by dynamic interactions 
among SCN neurons, with neuroadaptations in network function driven by the 
environment. 
Keywords: whole-cell; patch clamp; in vivo; thalamus; subcortical; 
automation; autopatcher 
Introduction 
Neurons in many parts of the brain show functional adaptations 
in response to the signals they receive. Such neuroplasticity is the 
basis not only for memory, but for numerous other cognitive and 
emotional responses (Marsden, 2013). As in higher-order cognitive 
function, the process of biological timing is also markedly plastic. 
However, the mechanisms of this plasticity remain mostly unexplored. 
Circadian clocks control and synchronize most behavioral and 
physiological processes of the organism to the 24 hr solar day. The 
fundamental unit of circadian timing is cell autonomous: at the 
molecular level, circadian clocks are based primarily upon 
interconnected transcription-translation feedback loops that function 
within nearly every cell of the body. Anatomically, these clocks are 
hierarchically organized under a master clock located in the 
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
3 
 
suprachiasmatic nuclei (SCN) of the hypothalamus, a network of 
several thousand neural clock cells (Brown and Azzi, 2013). SCN 
neurons are divided into at least two distinct populations—a ventral 
(vSCN) “core” region that receives retinal projections, and a dorsal 
(dSCN) “shell” that projects to other brain areas (Antle and Silver, 
2005). These regions form a circuit that is locally and regionally 
coupled via multiple signaling mechanisms (Aton and Herzog, 2005) 
that confer robustness and precision to the SCN clock mechanism 
(Abraham et al., 2010, Herzog et al., 2004 and Liu et al., 2007). 
Genetic alterations of clock properties at the molecular level 
produce corresponding changes in daily behavioral rhythms (Lowrey 
et al., 2000 and Toh et al., 2001), which have been localized to the 
SCN rather than elsewhere in the brain or body (Low-Zeddies and 
Takahashi, 2001 and Ralph et al., 1990). Epigenetic changes are 
similarly possible: we and others have shown previously that exposing 
genetically identical mice to non-24 hr light:dark cycles (“Zeitgeber 
periods,” Aschoff and Pohl, 1978) results in stable changes of 
endogenous free-running period lasting several months, termed 
“aftereffects” (Pittendrigh and Daan, 1976), which depend on dynamic 
DNA methylation in SCN cells (Azzi et al., 2014). Plasticity in circadian 
period appears to be a conserved property of the mammalian timing 
system, as similar behavioral effects have been observed in humans 
(Scheer et al., 2007). Effects of other changes in light-dark cycle, such 
as changes in the proportion of light and dark within the 24 hr day 
(photoperiod, which is seasonally variant in nature) or erratic light-
dark cycles, have also been examined. For example, DNA methylation 
also plays an important role in regulating seasonal endocrine changes 
(Stevenson and Prendergast, 2013). However, unlike the “zeitgeber 
periods” mentioned above, neither photoperiod nor erratic light-dark 
cycles have shown significant long-lasting period aftereffects 
(Pittendrigh and Daan, 1976). 
In rodents, SCN function has been studied using ex vivo 
systems, where changes in clock properties are revealed using real-
time fluorescence or bioluminescence monitoring of SCN slices from 
transgenic rodents: PER1:GFP (Kriegsfeld et al., 2003), Per1-luc 
( Stokkan et al., 2001), Bmal1-luc ( Nakajima et al., 2010 and Nishide 
et al., 2006), and PER2::LUC mice ( Pendergast et al., 2010 and Yoo 
et al., 2004) each have reporter gene expression timed by endogenous 
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clock properties. The topology of SCN networks examined with these 
tools shows remarkable plasticity. For example, we and others have 
shown that the molecular clocks of SCN neurons change their phase in 
a region-specific manner after changes in the light:dark cycle ( Evans 
et al., 2013, Nagano et al., 2003, Nakamura et al., 2005 and Sellix 
et al., 2012). The circadian period length in SCN slices normally 
correlates tightly with behavioral period length ( Liu et al., 1997, Yoo 
et al., 2004 and Myung et al., 2012). Surprisingly, however, in the 
case of altered day-night period (light:dark cycle length longer or 
shorter than 24 hr), the period length of SCN slices shows an inverse 
correlation with behavioral period ( Aton et al., 2004 and Molyneux 
et al., 2008). To date, changes in light:dark cycle length remain the 
only entrainment condition that causes a dramatic mismatch between 
ex vivo and in vivo rhythms. 
Here, we report that SCN regional coupling is dynamically 
modulated to reprogram global clock properties, providing a 
mechanism for this mismatch as well as a surprising and elegant 
epigenetic path by which the local environment can stably alter SCN 
period. This mechanism could provide a paradigm for understanding 
other forms of environment-related changes in behavior. 
Results 
Altered Light:Dark Cycle Length Temporally 
Reorganizes the SCN Network 
Male PER2::LUC mice (Yoo et al., 2004) were entrained to 
light:dark cycles either 22, 24, or 26 hr in length (T22, T24, or T26) 
for 6 weeks. Daily rhythms were influenced by cycle length in a 
manner consistent with previous work (Pittendrigh and Daan, 1976). 
Notably, upon release into constant darkness, T22 mice displayed free-
running rhythms with the shortest period, whereas T26 mice had the 
longest period (Figures 1A and 1B). Further, the timing of entrained 
rhythms was altered by cycle length, with T22 mice displaying the 
latest times of activity onset and T26 mice the earliest (Figures S1A 
and S1B), which is also expected (Pittendrigh and Daan, 1976). To 
directly investigate the neural basis of these period aftereffects, we 
collected SCN slices from T22-, T24-, and T26-entrained mice for 
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ex vivo real-time bioluminometry. In these SCN slices, the inverse 
correlation described above is evident between period length in vivo 
and ex vivo (Figures 1C and 1D), as reported previously (Aton et al., 
2004 and Molyneux et al., 2008). The effect was specific to the SCN 
because peripheral tissues such as the liver did not display PER2::LUC 
rhythms with an inverse period aftereffect (Figure S1C; Molyneux 
et al., 2008). 
 
Figure 1. Altered Light:Dark Cycle Length Changes Circadian Behavior and SCN 
Topology 
(A) Actograms of wheel running for representative PER2::LUC mice before, during, 
and after entrainment to light:dark cycle lengths of 22 and 26 hr (T22, T26). 
(B) Free-running period (mean ± SEM, here and elsewhere) after entrainment. (n = 
4–10/group, 1w-ANOVA F(2,21) = 135.51, p < 0.0001, ∗ Dunnett’s post hoc test, p < 
0.05). 
(C) PER2::LUC bioluminescence intensity (detrended bioluminescence relative to 
maximum) in representative SCN slices from mice entrained to different light:dark 
cycles. 
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(D) Bar graph of data in (C), n = 5–7 slices/group. 1w-ANOVA F(2,12) = 37.89, p < 
0.0001; ∗ Tukey’s HSD test post hoc test p < 0.01. 
(E) Average phase maps for SCN after entrainment to T22, T24, and T26, illustrating 
regional differences in the circadian time (CT) of peak PER2::LUC expression on the 
first day in vitro. n = 9–10/group. 
(F) Quantification of average CT peak time on the first cycle in vitro for dorsal SCN 
(dSCN) and ventral SCN (vSCN), as illustrated in (E). dSCN: 1w-ANOVA F(2,28) = 
15.89, p < 0.0001; vSCN: 1w-ANOVA F(2,28) = 37.58, p < 0.0001; ∗ Dunnett’s post 
hoc test, p < 0.05. 
(G) Average phase maps illustrating changes in regional phase over the first 4 days 
in vitro for SCN from T22, T24, and T26 mice. Color scale shows the time of peak 
PER2::LUC relative to that for the field rhythm of the whole slice. n = 9–
10/cycle/group. 
(H) Average period of dSCN and vSCN regions, quantified from data in (G). dSCN: 1w-
ANOVA F(2,28) = 4.36, p < 0.05; vSCN: 1w-ANOVA F(2,28) = 4.56, p < 0.05; ∗ 
Tukey’s HSD test, p < 0.05. Errors bars are mean ± SE. 
The observation that the circadian periods at the behavioral and 
neural levels do not match is inconsistent with the long-held theory 
that cell-autonomous circadian period of SCN cells determines 
behavioral period (Herzog et al., 1998, Low-Zeddies and Takahashi, 
2001 and Ralph et al., 1990). Therefore, we next used real-time 
bioluminescence imaging to investigate the impact of cycle length on 
the spatiotemporal function of the SCN network. Cycle length induced 
a clear phase separation among SCN sub-regions that was organized 
in complementary manner in T22 versus T26 (Figures 1E and 1F). 
Relative to the dSCN, the phase of PER2::LUC rhythms in the vSCN 
was significantly earlier in T22, but later in T26 (Figures 1E and 1F). 
Similar cycle-induced changes in regional phase were evident 
throughout the rostrocaudal SCN (Figure S2A). Surprisingly, regional 
phase differences became more pronounced each successive day 
in vitro (Figure 1G), suggesting that cycle length altered period in a 
region-specific manner (Figure 1H). In cultured SCN slices, vSCN 
showed a shorter period in T22 than in T26 (p = 0.02), whereas dSCN 
showed a shorter period in T26 than in T22 (p = 0.02) (Figure 1H). In 
T24, both periods were around 24 hr, and phase differences were less 
pronounced (Figure 1H). Therefore, in SCN slices, the period of the 
vSCN subregion showed a positive correlation with cycle length, 
whereas the dSCN showed a negative relationship with cycle length 
(Figure S3). Thus, the inverse period aftereffect is a region-specific 
feature of the SCN network, with the period of the dSCN likely 
dominating the period of field rhythm of the whole slice measured with 
luminometry (Figures 1C and 1D) due to its relatively larger size and 
stronger bioluminescence signals (Figure S2B). 
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Light:Dark Cycle Length Drives Region-Specific 
Methylation Changes 
We have previously demonstrated that different light:dark cycle 
lengths result in dynamic changes in DNA methylation within the SCN 
that globally alter transcription of both clock genes and non-clock 
genes (Azzi et al., 2014). Given that light:dark cycle length produces 
region-specific changes in phase, we decided to re-examine DNA 
methylation in the SCN separately for dorsal and ventral regions. 
Consistent with the phase polarization observed in Figure 1, in fact 
different sets of genes showed methylation changes in dorsal versus 
ventral regions (Figures 2A and 2B). Far greater changes were 
observed in vSCN than in dSCN (Figures 2A and 2B; p < 0.001), which 
makes sense because of the innervation of vSCN by the 
retinohypothalamic tract, the source of light input (Hannibal and 
Fahrenkrug, 2004 and Lokshin et al., 2015). Hierarchical clustering 
showed that whereas DNA methylation in the dSCN under different 
cycle lengths formed one cluster, methylation in the vSCN formed a 
second more diverged cluster (Figure 2C). Examining the families of 
genes whose methylations were altered, the most significant 
categories were neurotransmitter receptors and ion channels 
(Figure 3), each represented by a family of multiple genes including 
several potassium, calcium, and GABA channels (Figures S4 and S5). 
Collectively, these ontological analyses reinforce the idea that altered 
light:dark cycles might change networking within the SCN. 
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Figure 2. Different Light:Dark Cycle Lengths Drive Region-Specific Methylation 
Changes 
See also Figures S4 and S5. 
(A) Volcano plot depicting differentially methylated regions (DMRs). DMRs between the 
SCN sub-regions from different T-cycles are shown in red. Only MEDIP-sets with a 
least eight unique mapped reads used for the analysis were shown. 
(B) Bar graph showing the number of DMRs between the SCN sub-regions. 
(C) Correlation analysis of the methylation profiles between the SCN sub-regions from 
different T-cycles across refseq mouse genes (version mm9). Color and number 
indicate the correlation co-efficient (Pearson r), calculated via Liu et al. (2011). 
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Figure 3. Pathways Affected by Light:Dark Cycle-Dependent Methylation 
See also Figures S4 and S5. Negative Log of p value plot showing the top ten terms 
associated with molecular function of differentially methylation regions using the 
ENRICHR tool (Chen et al., 2013 and Kuleshov et al., 2016). 
SCN Interregional Communication Drives Aftereffects 
As demonstrated by many labs, the period length of a circadian 
oscillator determines its phase under entrained conditions (Brown 
et al., 2008). To explain our data, the easiest explanation would 
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therefore be that cellular epigenetic changes altered cellular period 
lengths, especially within vSCN, thereby driving phase differences. To 
test this hypothesis, we prepared SCN coronal slices from mice 
entrained to T22, T24, and T26, and then using a surgical knife, we 
physically separated SCN slices into approximate vSCN and dSCN 
regions. Unexpectedly, periods of the physically separated SCN sub-
regions did not show significant differences relative to each other or 
among the three conditions of T22, T24, and T26 (Figures 4A and 4B). 
This result suggested that the changes in SCN period documented 
above were not mediated by region-specific changes in cellular period, 
but rather by changes dependent upon communication between SCN 
sub-regions. 
 
Figure 4. SCN Interregional Communication Drives Light:Dark Cycle Length-
Dependent Period Changes 
(A) PER2::LUC rhythms of separated vSCN and dSCN slices collected from T22, T24, 
and T26 mice. 
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(B) Bar graph showing period of separated vSCN and dSCN slices from T22, T24, and 
T26 mice. (n = 8–9 mice/group). dSCN: 1w-ANOVA F (2,22) = 0.543, p = 0.58); 
vSCN: 1w-ANOVA F(2,22) = 2.826, p = 0.08. 
(C) PER2::LUC rhythms of SCN slices from mice entrained to different light:dark cycle 
lengths with and without 2 μM TTX. 
(D) Bar graph showing period of data from (C) (n = 6–7 mice/group). Vehicle: 1w-
ANOVA F(2,15) = 13,269 p < 0.0001, ∗ Dunnett’s post hoc test, p < 0.05; TTX: 1w-
ANOVA F (2,15) = 5.249 p < 0.05; ∗ Dunnett’s post hoc test, T22 versus T26 p < 
0.05. 
(E) Average phase maps of PER2::LUC bioluminescence of SCN slices from mice 
entrained to different light:dark cycle lengths, with or without 2 μM TTX. n = 8 
mice/group. Color scale as in Figure 1E. 
(F) Quantification of regional period differences for SCN slices cultured with or without 
2 μM TTX. y axis, period of the dSCN subtracted from the period of the vSCN. 
Statistics–Vehicle: 1w-ANOVA F(2,28) = 11.28, p < 0.0001; TTX: 1w-ANOVA 
F(2,28) = 5.22, p < 0.05; ∗ Tukey’s HSD test, p < 0.05. Errors bars are mean ± SE. 
Action potentials and neuropeptides are the main signals 
exchanged among SCN neurons (Albus et al., 2005, Aton et al., 
2005 and Harmar et al., 2002). To directly examine the role of intra-
network signaling in determining cycle-related changes in period, we 
cultured coronal SCN slices of T22, T24, and T26 mice in the presence 
or absence of 2 μM of tetrodotoxin (TTX) to block voltage-gated 
sodium channels (Noda et al., 1986), and thereby inhibited the firing 
of action potentials and the synaptic release of SCN coupling factors 
(Earnest et al., 1991). Consistent with a primary role for neural 
communication rather than cell-autonomous clock properties in driving 
cycle length-dependent period changes, blocking synaptic 
communication with TTX induced SCN period relaxation to the inverse 
of what was observed in its absence (Figures 4C and 4D). 
Concomitantly, region-specific differences in both period and phase in 
SCN slices from T22 and T26 animals were relaxed (Figures 4E and 
4F). 
Mathematical Modeling Predicts a Role for GABA 
Signaling 
To investigate how plasticity in regional coupling could drive the 
observed effects of cycle length on period, we created a mathematical 
model in which vSCN and dSCN oscillators are connected via two 
complementary coupling mechanisms that have been revealed 
experimentally: one mechanism that synchronizes oscillators and 
another mechanism that desynchronizes oscillators close in phase 
(Evans et al., 2013 and Freeman et al., 2013a) (Figure 5A). The 
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relative strengths of the two coupling mechanisms in the model 
depend on the cycle length, and only the coupling signals sent by the 
vSCN oscillator are assumed to adapt to the photic condition. The 
detailed model is described in Supplemental Information. Modeling an 
intact SCN, the system exhibits a delayed phase of entrainment, with 
the core (vSCN) leading the shell (dSCN) under T22, and an aftereffect 
of a shortened period (22.9 hr). Under T26, the shell (dSCN) precedes 
the core (vSCN) and displays an advanced phase of entrainment with a 
lengthened period (24.5 hr) upon release to constant darkness 
(Figure 5B), reproducing what is observed for mouse behavior in vivo 
(Figures 1A, 1B, and S1). By contrast, the model’s simulation of an 
SCN explant (weighted sum of 30% core and 70% shell) shows the 
reverse: in effect, transient dynamics due to the reduced 
synchronization in the slice lead to an apparent lengthening of the 
period following T22 and shortening following T26 (Figure 5C), as 
observed in SCN slices (Figures 1C and 1D). The model also accurately 
anticipates the differences in relative phase (Figure 5B) and in SCN 
explant period (Figure 5D) that we observed when comparing T22, 
T24, and T26 conditions. These modeling results demonstrate that 
changes in global period length can be achieved by changes in 
coupling alone, without changing the intrinsic period of the underlying 
oscillators, and that complementary coupling signals may play an 
essential role in environmental adaptation. 
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Figure 5. Modeling Predicts that GABAergic Signaling Is Necessary for Light:Dark 
Cycle Length-Dependent Period Changes 
See also Figure S6. 
(A) Our model consists of two coupled phase-only oscillators, representing the core 
(vSCN) and shell (dSCN) regions of the SCN. The core region has intrinsic period τCτC 
and phase ϕCϕC, while the shell region has intrinsic period τSτS and phase ϕSϕS. The 
coupling between the core and shell is composed of two complementary mechanisms 
that depend on the difference in phase: a synchronizing signal S(Δϕ)S(Δϕ) and a 
signal D(Δϕ)D(Δϕ) that in some situations tends to desynchronize phases. 
(B) Actograms of model simulations of whole SCN entrained to T22 (left), T24 
(middle), and T26 (right) conditions, followed by aftereffects in constant darkness, 
which correspond to the preceding cycle lengths. Darkness is indicated in gray. Blue 
indicates subjective night (CT12–CT24) of the core oscillator (vSCN) and red shows 
subjective night of the shell oscillator (dSCN), with overlap appearing purple. 
(C) Simulations of SCN explant rhythms under different light:dark cycle lengths. y 
axis, relative amplitude of summed components. (A) The simulated field rhythms are a 
weighted sum of core (30%) and shell (70%) and exhibit reversed aftereffects on 
period. Core, shell, and field rhythms of a simulated SCN slice are also shown 
following entrainment to (B) T22, (C) T24, and (D) T26. See Figure S6 for period 
values. 
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From this model, a significant prediction also emerges: in 
particular, the desynchronizing coupling signal should play a critical 
role in the generation of period aftereffects, providing a 
counterbalance to the synchronizing signal to facilitate greater 
adaptability of the SCN network. Experimentally, it has long been 
known that that GABAergic signaling plays a critical role in maintaining 
phase relationships among SCN neurons (Albus et al., 2005) and that 
desynchronizing signals can be GABAergic (DeWoskin et al., 2015, 
Evans et al., 2013, Freeman et al., 2013a and Myung et al., 2015). 
Furthermore, the phase response curve for tonic GABA excitatory and 
inhibitory stimuli predicted by the detailed model of DeWoskin et al. 
(2015) supports the notion that excitatory neurotransmission may act 
as a synchronizing coupling function, while inhibitory 
neurotransmission may act as a desynchronizing coupling function, 
analogous to the complementary coupling mechanisms in our simple 
model. 
To test the prediction that GABA signaling is necessary to 
maintain reverse period aftereffects in vitro, we cultured SCN slices 
from PER2::LUC mice exposed to T22, T24, and T26 in the presence or 
absence of the GABAA receptor antagonist gabazine (10 μM), which 
acts as an allosteric inhibitor (Ueno et al., 1997). Consistent with 
previous findings, gabazine had no effect on SCN period from T24 mice 
(Freeman et al., 2013b). However, gabazine treatment induced 
complete relaxation of SCN period from mice entrained to T22 and T26 
back to T24 values (Figures 6A and 6B). Therefore, we conclude that 
GABAergic plasticity is necessary to maintain adaptation to light:dark 
cycle length. 
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Figure 6. GABAergic Signaling and DNA Methylation Are Necessary for Light:Dark 
Cycle-Dependent Period Changes 
(A) PER2::LUC rhythms of SCN slices from mice entrained to different light:dark cycle 
lengths with or without 10 μM gabazine (GABAz). 
(B) Bar graph showing period of data from (A), n = 7–10 mice/group. Vehicle: 1w-
ANOVA F(2,24) = 12.417, p < 0.0001; GABAz: 1w-ANOVA F(2,25) = 0.083, p = 0.92; 
∗ Dunnett’s post hoc test, p < 0.05. 
(C) PER2::LUC rhythms of SCN slices from mice entrained to different light:dark cycle 
lengths with or without 50 μM Zebularine. 
(D) Bar graph showing period of data from (c), n = 6–16 mice/group. Vehicle: 1w-
ANOVA F(2,23) = 17.13, p < 0.0001; Zebularine: 1w-ANOVA F(2,25) = 1.07, p = 
0.35; ∗ Dunnett’s post hoc test, p < 0.05. Errors bars are mean ± SE. 
DNA Methylation Is Necessary for Reverse Period 
Aftereffects In Vitro 
Finally, if regional DNA methylation plays an important role in 
maintaining the SCN phase polarization that we observed, then it 
might be expected that inhibition of de novo DNA methylation would 
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lead to relaxation of these changes and suppression of the reverse 
period aftereffects caused by SCN regional phase polarization. In fact, 
this is exactly what we observe: whereas treatment of SCN slices with 
zebularine (an inhibitor of DNA methylation) does not alter period in 
T24-entrained mice, treatment of slices from either T22- or T26-
entrained mice results in relaxation of their circadian period toward 
24 hr (Figures 6C and 6D). 
Discussion 
Within the circadian system, many environmental influences act 
directly upon components of the cellular molecular clockwork. For 
example, light cues induce expression of PER proteins (Gau et al., 
2002 and Oster et al., 2003), and metabolic cues activate sirtuins 
(Asher and Schibler, 2011 and Nakahata et al., 2008). We show here 
that light:dark cycle length can stably alter circadian clock period 
epigenetically, not by modifying the intrinsic properties of cellular 
clocks, but by spatiotemporal reorganization of the SCN neural 
network. 
SCN region-specific changes in the timing of clock gene 
expression have been documented previously (Evans et al., 2013, 
Inagaki et al., 2007 and Myung et al., 2015). These works focused 
upon photoperiod as a model system, varying the amount of light and 
darkness within the 24 hr day. As in this paper, the authors of these 
studies demonstrated that short or long photoperiod modulates 
regional phase polarization within the SCN. Further, different cell 
populations along the antero-posterior SCN axis tracked light onset or 
offset (Inagaki et al., 2007), much as ventral regions tracked T cycles 
in our study. Crucially, however, photoperiodic changes do not induce 
significant or long-lasting period aftereffects (Pittendrigh and Daan, 
1976), suggesting that the mechanisms maintaining these network 
reorganizations might be different from those we characterize here. 
Similar to manipulating light:dark length, however, these other 
paradigms established a strong role for GABA in maintaining phase 
relationships among SCN neurons (Albus et al., 2005, DeWoskin et al., 
2015, Evans et al., 2013, Freeman et al., 2013a and Myung et al., 
2015). Indeed, in seasonal timing, the polarity of postsynaptic 
currents induced by GABA may be an important determining factor 
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(Evans et al., 2013, Farajnia et al., 2014 and Myung et al., 2015). In 
other paradigms such as photoperiod, roles for additional coupling 
mechanisms such as neuropeptides like VIP (vasoactive intestinal 
polypeptide) have also been supported (Evans et al., 2013). For 
light:dark cycle length, independent roles for different synaptic and 
neuropeptidergic coupling modalities will require additional studies. 
Fascinatingly, our data suggest that changes in coupling and 
regional phase themselves can alter circadian period. The plausibility 
of such a mechanism is shown not only by our own model, but also by 
other theoretical frameworks (DeWoskin et al., 2015, Herzog et al., 
2004 and Oda and Friesen, 2002). The overall picture that emerges is 
one in which cycle length epigenetically reprograms DNA methylation 
in the SCN. These modifications in turn lead to a change in coupling, 
triggering the network to reorganize to find a new phase and period 
equilibrium. In this way, changes in network topology result in 
changes to basic clock properties like period length. 
Input-dependent changes to the firing properties of neural 
circuits are essential to most aspects of brain function, including 
cognitive and emotional processing (Malenka and Bear, 2004). Our 
results show that neuroadaptations in the circadian clock in fact coopt 
some of these same paradigms. Moreover, although the processes that 
drive circadian timing and memory are quite different, the data we 
present suggest that essential characteristics of the adaptive process 
may be identical: DNA methylation has been shown to be important 
not only for stable responses of the circadian clock to environmental 
change (Azzi et al., 2014 and Stevenson and Prendergast, 2013), but 
also for long-term memory (Zovkic et al., 2013) and for changes in 
adult behavior as a consequence of maternal care (Weaver et al., 
2004). Thus, the process of environmental adaptation via first 
epigenetic changes and then circuit-level reorganization to elicit 
behavioral change may be a universal feature of the process of 
neuroadaptation that is conserved across a wide range of behavioral 
processes. 
Experimental Procedures 
For further information, see Supplemental Experimental 
Procedures. 
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Animals 
Details of strains and husbandry are available online. In brief, 
male PER2::LUC mice (Yoo et al., 2004) 4–6 weeks of age were 
exposed to one of the three lighting conditions: a standard 24 hr cycle 
(abbreviated T24) with 12 hr of light and 12 hr of darkness (LD 
12:12), a short 22 hr cycle with LD 11:11 (T22), or a long 26 hr cycle 
with LD 13:13 (T26). After 6 weeks, mice were either sacrificed 
immediately or released into constant darkness (DD) for 5–7 days to 
verify altered free-running period, prior to tissue collection. All animal 
experiments were conducted in accordance with applicable veterinary 
law of the Zurich cantonal veterinary office and the NIH Guide for the 
Care and Use of Animals. Experiments were approved by the Zurich 
cantonal veterinary office and Institutional Animal Care and Use 
Committee of Morehouse School of Medicine. 
SCN Cultures 
For luminometry experiments, one coronal SCN slice (∼250 μm) 
was collected from the middle part of the SCN. For SCN imaging, three 
consecutive slices (150 μm thickness) were collected corresponding to 
the rostral, middle, and caudal SCN. Liver was excised and trimmed by 
hand with a scalpel. SCN and liver samples were cultured on a 
membrane (Millipore) in 1.2 mL medium containing 0.1 mM luciferin 
(Molecular Imaging Products, Bend, or Regies Technologies). For 
luminometry experiments, bioluminescence was collected in counts per 
minute for 5–6 days without medium change using a photomultiplier 
tube. For imaging experiments, SCN bioluminescence was monitored 
for at least 4 days using a Stanford Photonics XR Mega 10Z cooled 
intensified CCD camera and Piper software (Stanford Photonics). For 
drug treatments, tetrodotoxin (TTX; 2 μM, Tocris) or gabazine 
(GABAz; 10 μM, Tocris) were added to culture medium immediately 
upon dissection and remained in the culture medium for the duration 
of the recording. 
Data Analysis 
Wheel running rhythms were monitored and analyzed with the 
Clocklab data collection and analysis system (Actimetrics). 
Bioluminescence time series from photomultiplier tubes were analyzed 
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with Lumicycle software (Actimetrics). For imaging data, PER2::LUC 
expression was mapped and analyzed using custom scripts in MATLAB 
2014a (MathWorks), as described previously (Evans et al., 
2011 and Sellix et al., 2012). Briefly, SCN phase maps were generated 
for each 12-pixel diameter ROI judged to exhibit a significant circadian 
rhythm, and cell-like regions of interest (ROIs) were located and 
extracted after background and local noise subtraction. Behavioral and 
PER2::LUC data were analyzed with one way ANOVA followed by 
Dunnett’s or Tukey’s HSD post hoc tests. Data in figures and text are 
presented as mean ± SEM. 
Author Contributions 
A.A., J.A.E., and J.M. performed the experiments; T.L. and J.A.E. performed 
the mathematical modeling and computational analysis. A.A., J.A.E., A.J.D., 
and S.A.B. contributed equally. A.A., J.A.E., T.L., J.M., T.T., A.J.D., and S.A.B. 
contributed both to experimental design and to writing this paper. 
Acknowledgments 
A.A. has been supported by the Velux Foundation and the Forschungskredit of 
the University of Zürich. This work has received further support via S.A.B. 
from the Swiss National Science Foundation, the Velux Foundation, and the 
Clinical Research Priority Program “Sleep and Health” of the University of 
Zürich. A.A. and S.A.B. are members of the Zurich Neurozentrum, a division 
of the Life Sciences Zürich graduate program. J.A.E. was supported by 
R01NS091234. A.D. was supported by NIH grants U54NS060659 and 
S21MD000101, the Georgia Research Alliance, and the NSF Center for 
Behavioral Neuroscience. T.L. gratefully acknowledges support through the 
Amherst College Faculty Research Award Program funded by The H. Axel 
Schupf ‘57 Fund for Intellectual Life. J.M. was supported by RIKEN Incentive 
Research Project (G1E-54500). T.T. was supported by Ministry of Education, 
Culture, Sports, Science and Technology in Japan Grants-in-Aid for Scientific 
Research (25240277, 23111005, 26670165), Strategic International 
Cooperative Program from the Japan Science and Technology Agency, 
Intramural Research Grant for Neurological and Psychiatric Disorders of 
NCNP, and the Takeda Science Foundation. The authors would like to thank 
Oscar Cervantes-Castanon and Stanford Photonics for assistance. 
  
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
20 
 
References 
Abraham et al., 2010. U. Abraham, A.E. Granada, P.O. Westermark, M. Heine, 
A. Kramer, H. Herzel. Coupling governs entrainment range of circadian 
clocks. Mol. Syst. Biol., 6 (2010), p. 438 
Albus et al., 2005. H. Albus, M.J. Vansteensel, S. Michel, G.D. Block, J.H. 
Meijer. A GABAergic mechanism is necessary for coupling dissociable 
ventral and dorsal regional oscillators within the circadian clock. Curr. 
Biol., 15 (2005), pp. 886–893 
Antle and Silver, 2005. M.C. Antle, R. Silver. Orchestrating time: 
arrangements of the brain circadian clock. Trends Neurosci., 28 
(2005), pp. 145–151 
Aschoff and Pohl, 1978. J. Aschoff, H. Pohl. ). Phase relations between a 
circadian rhythm and its zeitgeber within the range of entrainment. 
Naturwissenschaften, 65 (1978), pp. 80–84 
Asher and Schibler, 2011. G. Asher, U. Schibler. Crosstalk between 
components of circadian and metabolic cycles in mammals. Cell 
Metab., 13 (2011), pp. 125–137 
Aton and Herzog, 2005. S.J. Aton, E.D. Herzog. Come together, right…now: 
synchronization of rhythms in a mammalian circadian clock. Neuron, 
48 (2005), pp. 531–534 
Aton et al., 2004. S.J. Aton, G.D. Block, H. Tei, S. Yamazaki, E.D. Herzog. 
Plasticity of circadian behavior and the suprachiasmatic nucleus 
following exposure to non-24-hour light cycles. J. Biol. Rhythms, 19 
(2004), pp. 198–207 
Aton et al., 2005. S.J. Aton, C.S. Colwell, A.J. Harmar, J. Waschek, E.D. 
Herzog. Vasoactive intestinal polypeptide mediates circadian 
rhythmicity and synchrony in mammalian clock neurons. Nat. 
Neurosci., 8 (2005), pp. 476–483 
Azzi et al., 2014. A. Azzi, R. Dallmann, A. Casserly, H. Rehrauer, A. 
Patrignani, B. Maier, A. Kramer, S.A. Brown. Circadian behavior is 
light-reprogrammed by plastic DNA methylation. Nat. Neurosci., 17 
(2014), pp. 377–382 
Brown and Azzi, 2013. S.A. Brown, A. Azzi. Peripheral circadian oscillators in 
mammals. Handbook Exp. Pharmacol. (217) (2013), pp. 45–66 
Brown et al., 2008. S.A. Brown, D. Kunz, A. Dumas, P.O. Westermark, K. 
Vanselow, A. Tilmann-Wahnschaffe, H. Herzel, A. Kramer. Molecular 
insights into human daily behavior. Proc. Natl. Acad. Sci. USA, 105 
(2008), pp. 1602–1607 
Chen et al., 2013. E.Y. Chen, C.M. Tan, Y. Kou, Q. Duan, Z. Wang, G.V. 
Meirelles, N.R. Clark, A. Ma’ayan. Enrichr: interactive and collaborative 
HTML5 gene list enrichment analysis tool. BMC Bioinformatics, 14 
(2013), p. 128 
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
21 
 
DeWoskin et al., 2015. D. DeWoskin, J. Myung, M.D. Belle, H.D. Piggins, T. 
Takumi, D.B. Forger. Distinct roles for GABA across multiple timescales 
in mammalian circadian timekeeping. Proc. Natl. Acad. Sci. USA, 112 
(2015), pp. E3911–E3919 
Earnest et al., 1991. D.J. Earnest, S.M. Digiorgio, C.D. Sladek. Effects of 
tetrodotoxin on the circadian pacemaker mechanism in 
suprachiasmatic explants in vitro. Brain Res. Bull., 26 (1991), pp. 
677–682 
Evans et al., 2011. J.A. Evans, T.L. Leise, O. Castanon-Cervantes, A.J. 
Davidson. Intrinsic regulation of spatiotemporal organization within the 
suprachiasmatic nucleus. PLoS ONE, 6 (2011), p. e15869 
Evans et al., 2013. J.A. Evans, T.L. Leise, O. Castanon-Cervantes, A.J. 
Davidson. Dynamic interactions mediated by nonredundant signaling 
mechanisms couple circadian clock neurons. Neuron, 80 (2013), pp. 
973–983 
Farajnia et al., 2014. S. Farajnia, T.L. van Westering, J.H. Meijer, S. Michel. 
Seasonal induction of GABAergic excitation in the central mammalian 
clock. Proc. Natl. Acad. Sci. USA, 111 (2014), pp. 9627–9632 
Freeman et al., 2013a. G.M. Freeman Jr., R.M. Krock, S.J. Aton, P. Thaben, 
E.D. Herzog. GABA networks destabilize genetic oscillations in the 
circadian pacemaker. Neuron, 78 (2013), pp. 799–806 
Freeman et al., 2013b. G.M. Freeman Jr., M. Nakajima, H.R. Ueda, E.D. 
Herzog. Picrotoxin dramatically speeds the mammalian circadian clock 
independent of Cys-loop receptors. J. Neurophysiol., 110 (2013), pp. 
103–108 
Gau et al., 2002. D. Gau, T. Lemberger, C. von Gall, O. Kretz, N. Le Minh, P. 
Gass, W. Schmid, U. Schibler, H.W. Korf, G. Schütz. Phosphorylation 
of CREB Ser142 regulates light-induced phase shifts of the circadian 
clock. Neuron, 34 (2002), pp. 245–253 
Hannibal and Fahrenkrug, 2004. J. Hannibal, J. Fahrenkrug. Target areas 
innervated by PACAP-immunoreactive retinal ganglion cells. Cell Tissue 
Res., 316 (2004), pp. 99–113 
Harmar et al., 2002. A.J. Harmar, H.M. Marston, S. Shen, C. Spratt, K.M. 
West, W.J. Sheward, C.F. Morrison, J.R. Dorin, H.D. Piggins, J.C. 
Reubi, et al. The VPAC(2) receptor is essential for circadian function in 
the mouse suprachiasmatic nuclei. Cell, 109 (2002), pp. 497–508 
Herzog et al., 1998. E.D. Herzog, J.S. Takahashi, G.D. Block. Clock controls 
circadian period in isolated suprachiasmatic nucleus neurons. Nat. 
Neurosci., 1 (1998), pp. 708–713 
Herzog et al., 2004. E.D. Herzog, S.J. Aton, R. Numano, Y. Sakaki, H. Tei. 
Temporal precision in the mammalian circadian system: a reliable 
clock from less reliable neurons. J. Biol. Rhythms, 19 (2004), pp. 35–
46 
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
22 
 
Inagaki et al., 2007. N. Inagaki, S. Honma, D. Ono, Y. Tanahashi, K. Honma. 
Separate oscillating cell groups in mouse suprachiasmatic nucleus 
couple photoperiodically to the onset and end of daily activity. Proc. 
Natl. Acad. Sci. USA, 104 (2007), pp. 7664–7669 
Kriegsfeld et al., 2003. L.J. Kriegsfeld, R. Korets, R. Silver. Expression of the 
circadian clock gene Period 1 in neuroendocrine cells: an investigation 
using mice with a Per1:GFP transgene. Eur. J. Neurosci., 17 (2003), 
pp. 212–220 
Kuleshov et al., 2016. M.V. Kuleshov, M.R. Jones, A.D. Rouillard, N.F. 
Fernandez, Q. Duan, Z. Wang, S. Koplev, S.L. Jenkins, K.M. Jagodnik, 
A. Lachmann, et al. Enrichr: a comprehensive gene set enrichment 
analysis web server 2016 update. Nucleic Acids Res., 44 (W1) (2016) 
W90-7 
Liu et al., 1997. C. Liu, D.R. Weaver, S.H. Strogatz, S.M. Reppert. Cellular 
construction of a circadian clock: period determination in the 
suprachiasmatic nuclei. Cell, 91 (1997), pp. 855–860 
Liu et al., 2007. A.C. Liu, D.K. Welsh, C.H. Ko, H.G. Tran, E.E. Zhang, A.A. 
Priest, E.D. Buhr, O. Singer, K. Meeker, I.M. Verma, et al. Intercellular 
coupling confers robustness against mutations in the SCN circadian 
clock network. Cell, 129 (2007), pp. 605–616 
Liu et al., 2011. T. Liu, J.A. Ortiz, L. Taing, C.A. Meyer, B. Lee, Y. Zhang, H. 
Shin, S.S. Wong, J. Ma, Y. Lei, et al. Cistrome: an integrative platform 
for transcriptional regulation studies. Genome Biol., 12 (2011), p. R83 
Lokshin et al., 2015. M. Lokshin, J. LeSauter, R. Silver. Selective Distribution 
of Retinal Input to Mouse SCN Revealed in Analysis of Sagittal 
Sections. J. Biol. Rhythms, 30 (2015), pp. 251–257 
Low-Zeddies and Takahashi, 2001. S.S. Low-Zeddies, J.S. Takahashi. 
Chimera analysis of the Clock mutation in mice shows that complex 
cellular integration determines circadian behavior. Cell, 105 (2001), 
pp. 25–42 
Lowrey et al., 2000. P.L. Lowrey, K. Shimomura, M.P. Antoch, S. Yamazaki, 
P.D. Zemenides, M.R. Ralph, M. Menaker, J.S. Takahashi. Positional 
syntenic cloning and functional characterization of the mammalian 
circadian mutation tau. Science, 288 (2000), pp. 483–492 
Malenka and Bear, 2004. R.C. Malenka, M.F. Bear. LTP and LTD: an 
embarrassment of riches. Neuron, 44 (2004), pp. 5–21 
Marsden, 2013. W.N. Marsden. Synaptic plasticity in depression: molecular, 
cellular and functional correlates. Prog. Neuropsychopharmacol. Biol. 
Psychiatry, 43 (2013), pp. 168–184 
Molyneux et al., 2008. P.C. Molyneux, M.K. Dahlgren, M.E. Harrington. 
Circadian entrainment aftereffects in suprachiasmatic nuclei and 
peripheral tissues in vitro. Brain Res., 1228 (2008), pp. 127–134 
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
23 
 
Myung et al., 2012. J. Myung, S. Hong, F. Hatanaka, Y. Nakajima, E. De 
Schutter, T. Takumi. Period coding of Bmal1 oscillators in the 
suprachiasmatic nucleus. J. Neurosci., 32 (2012), pp. 8900–8918 
Myung et al., 2015. J. Myung, S. Hong, D. DeWoskin, E. De Schutter, D.B. 
Forger, T. Takumi. GABA-mediated repulsive coupling between 
circadian clock neurons in the SCN encodes seasonal time. Proc. Natl. 
Acad. Sci. USA, 112 (2015), pp. E3920–E3929 
Nagano et al., 2003. M. Nagano, A. Adachi, K. Nakahama, T. Nakamura, M. 
Tamada, E. Meyer-Bernstein, A. Sehgal, Y. Shigeyoshi. An abrupt shift 
in the day/night cycle causes desynchrony in the mammalian circadian 
center. J. Neurosci., 23 (2003), pp. 6141–6151 
Nakahata et al., 2008. Y. Nakahata, M. Kaluzova, B. Grimaldi, S. Sahar, J. 
Hirayama, D. Chen, L.P. Guarente, P. Sassone-Corsi. The NAD+-
dependent deacetylase SIRT1 modulates CLOCK-mediated chromatin 
remodeling and circadian control. Cell, 134 (2008), pp. 329–340 
Nakajima et al., 2010. Y. Nakajima, T. Yamazaki, S. Nishii, T. Noguchi, H. 
Hoshino, K. Niwa, V.R. Viviani, Y. Ohmiya. Enhanced beetle luciferase 
for high-resolution bioluminescence imaging. PLoS ONE, 5 (2010), p. 
e10011 
Nakamura et al., 2005. W. Nakamura, S. Yamazaki, N.N. Takasu, K. Mishima, 
G.D. Block. Differential response of Period 1 expression within the 
suprachiasmatic nucleus. J. Neurosci., 25 (2005), pp. 5481–5487 
Nishide et al., 2006. S.Y. Nishide, S. Honma, Y. Nakajima, M. Ikeda, K. Baba, 
Y. Ohmiya, K. Honma. New reporter system for Per1 and Bmal1 
expressions revealed self-sustained circadian rhythms in peripheral 
tissues. Genes Cells, 11 (2006), pp. 1173–1182 
Noda et al., 1986. M. Noda, T. Ikeda, H. Suzuki, H. Takeshima, T. Takahashi, 
M. Kuno, S. Numa. Expression of functional sodium channels from 
cloned cDNA. Nature, 322 (1986), pp. 826–828 
Oda and Friesen, 2002. G.A. Oda, W.O. Friesen. A model for “splitting” of 
running-wheel activity in hamsters. J. Biol. Rhythms, 17 (2002), pp. 
76–88 
Oster et al., 2003. H. Oster, C. Werner, M.C. Magnone, H. Mayser, R. Feil, 
M.W. Seeliger, F. Hofmann, U. Albrecht. cGMP-dependent protein 
kinase II modulates mPer1 and mPer2 gene induction and influences 
phase shifts of the circadian clock. Curr. Biol., 13 (2003), pp. 725–733 
Pendergast et al., 2010. J.S. Pendergast, R.C. Friday, S. Yamazaki. Distinct 
functions of Period2 and Period3 in the mouse circadian system 
revealed by in vitro analysis. PLoS ONE, 5 (2010), p. e8552 
Pittendrigh and Daan, 1976. C.S. Pittendrigh, S. Daan. A functional analysis 
of circadian pacemakers in nocturnal rodents. I. The stability and 
lability of of spontaneous frequency. J. Comp. Physiol. A Neuroethol. 
Sens. Neural Behav. Physiol., 106 (1976), pp. 223–252 
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
24 
 
Ralph et al., 1990. M.R. Ralph, R.G. Foster, F.C. Davis, M. Menaker. 
Transplanted suprachiasmatic nucleus determines circadian period. 
Science, 247 (1990), pp. 975–978 
Scheer et al., 2007. F.A. Scheer, K.P. Wright Jr., R.E. Kronauer, C.A. Czeisler. 
Plasticity of the intrinsic period of the human circadian timing system. 
PLoS ONE, 2 (2007), p. e721 
Sellix et al., 2012. M.T. Sellix, J.A. Evans, T.L. Leise, O. Castanon-Cervantes, 
D.D. Hill, P. DeLisser, G.D. Block, M. Menaker, A.J. Davidson. Aging 
differentially affects the re-entrainment response of central and 
peripheral circadian oscillators. J. Neurosci., 32 (2012), pp. 16193–
16202 
Stevenson and Prendergast, 2013. T.J. Stevenson, B.J. Prendergast. 
Reversible DNA methylation regulates seasonal photoperiodic time 
measurement. Proc. Natl. Acad. Sci. USA, 110 (2013), pp. 16651–
16656 
Stokkan et al., 2001. K.A. Stokkan, S. Yamazaki, H. Tei, Y. Sakaki, M. 
Menaker. Entrainment of the circadian clock in the liver by feeding. 
Science, 291 (2001), pp. 490–493 
Toh et al., 2001. K.L. Toh, C.R. Jones, Y. He, E.J. Eide, W.A. Hinz, D.M. 
Virshup, L.J. Ptácek, Y.H. Fu. An hPer2 phosphorylation site mutation 
in familial advanced sleep phase syndrome. Science, 291 (2001), pp. 
1040–1043 
Ueno et al., 1997. S. Ueno, J. Bracamontes, C. Zorumski, D.S. Weiss, J.H. 
Steinbach. Bicuculline and gabazine are allosteric inhibitors of channel 
opening of the GABAA receptor. J. Neurosci., 17 (1997), pp. 625–634 
Weaver et al., 2004. I.C. Weaver, N. Cervoni, F.A. Champagne, A.C. 
D’Alessio, S. Sharma, J.R. Seckl, S. Dymov, M. Szyf, M.J. Meaney. 
Epigenetic programming by maternal behavior. Nat. Neurosci., 7 
(2004), pp. 847–854 
Yoo et al., 2004. S.H. Yoo, S. Yamazaki, P.L. Lowrey, K. Shimomura, C.H. Ko, 
E.D. Buhr, S.M. Siepka, H.K. Hong, W.J. Oh, O.J. Yoo, et al. 
PERIOD2:LUCIFERASE real-time reporting of circadian dynamics 
reveals persistent circadian oscillations in mouse peripheral tissues. 
Proc. Natl. Acad. Sci. USA, 101 (2004), pp. 5339–5346 
Zovkic et al., 2013. I.B. Zovkic, M.C. Guzman-Karlsson, J.D. Sweatt. 
Epigenetic regulation of memory formation and maintenance. Learn. 
Mem., 20 (2013), pp. 61–74 
Accession Numbers 
The accession number for the MEDIP-seq data reported in this paper is 
GEO: GSE89255. 
NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 
Neuron, Vol 93, No. 2 (January 18, 2017): pg. 441-450. DOI. This article is © Elsevier (Cell Press) and permission has been 
granted for this version to appear in e-Publications@Marquette. Elsevier (Cell Press) does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier (Cell Press). 
25 
 
Supplemental Information 
Table S1, Related to Figure 2.   
Results supplied as a separate Excel file showing a list of differentially 
methylated regions (DMRs) in SCN subregions of mice entrained to different 
light:dark cycles. Abbreviations: Chr, chromosome; RPKM, reads per kilobase 
per million mapped reads; edgeR.logFC, log2 fold change calculated using the 
EdgeR method; edgeR.p.value, the p value threshold as calculated by the EdgeR 
method. 
 
  
 
chr start stop T24.MEDIP.bam.countsT22.MEDIP.bam.countsT24.MEDIP.bam.rpkmT22.MEDIP.bam.rpkmT24.counts.meanT24.rpkm.meanT22.counts.mean
chr1 7472001 7472500 2 27 0.76 8.81 2 0.76 27
chr1 8678501 8679000 8 42 2.68 14.2 8 2.68 42
chr1 11773001 11773500 4 32 1.15 10.53 4 1.15 32
chr1 14965501 14966000 8 42 2.68 14.44 8 2.68 42
chr1 16062501 16063000 42 10 9.94 2.94 42 9.94 10
chr1 20476501 20477000 5 34 1.53 11.75 5 1.53 34
chr1 20477001 20477500 10 45 3.06 15.18 10 3.06 45
chr1 23793001 23793500 7 45 2.29 15.18 7 2.29 45
chr1 28912001 28912500 58 16 16.06 5.14 58 16.06 16
chr1 44749501 44750000 16 60 4.59 18.36 16 4.59 60
chr1 63850501 63851000 10 52 3.06 16.65 10 3.06 52
chr1 64230501 64231000 12 47 3.44 15.67 12 3.44 47
chr1 66070001 66070500 23 75 6.12 20.32 23 6.12 75
chr1 80770501 80771000 34 6 8.03 1.71 34 8.03 6
chr1 81489001 81489500 30 4 7.26 0.98 30 7.26 4
chr1 84260001 84260500 5 41 1.53 13.95 5 1.53 41
chr1 84260501 84261000 16 90 4.59 23.01 16 4.59 90
chr1 87372501 87373000 23 77 6.12 20.56 23 6.12 77
chr1 89036001 89036500 20 84 5.35 21.79 20 5.35 84
chr1 91113501 91114000 14 73 4.21 20.07 14 4.21 73
chr1 93373501 93374000 13 48 3.82 15.91 13 3.82 48
chr1 1.1E+08 1.1E+08 5 40 1.53 13.46 5 1.53 40
chr1 1.1E+08 1.1E+08 14 50 4.21 16.4 14 4.21 50
chr1 1.14E+08 1.14E+08 0 26 0 8.32 0 0 26
chr1 1.18E+08 1.18E+08 13 52 3.82 16.89 13 3.82 52
chr1 1.18E+08 1.18E+08 14 60 4.21 18.36 14 4.21 60
chr1 1.2E+08 1.2E+08 10 42 3.06 14.2 10 3.06 42
chr1 1.21E+08 1.21E+08 18 0 4.97 0.24 18 4.97 0
chr1 1.23E+08 1.23E+08 16 54 4.59 17.13 16 4.59 54
chr1 1.23E+08 1.23E+08 8 54 2.68 17.13 8 2.68 54
chr1 1.37E+08 1.37E+08 47 11 11.47 3.18 47 11.47 11
chr1 1.39E+08 1.39E+08 13 50 3.82 16.4 13 3.82 50
chr1 1.49E+08 1.49E+08 36 6 8.41 1.71 36 8.41 6
chr1 1.51E+08 1.51E+08 8 38 2.68 12.73 8 2.68 38
chr1 1.51E+08 1.51E+08 12 52 3.44 16.89 12 3.44 52
chr1 1.51E+08 1.51E+08 18 60 4.97 18.11 18 4.97 60
chr1 1.52E+08 1.52E+08 34 5 8.03 1.47 34 8.03 5
chr1 1.62E+08 1.62E+08 10 52 3.06 16.89 10 3.06 52
chr1 1.66E+08 1.66E+08 104 42 39 14.44 104 39 42
chr1 1.66E+08 1.66E+08 83 27 29.82 8.81 83 29.82 27
chr1 1.69E+08 1.69E+08 28 77 6.88 20.56 28 6.88 77
chr1 1.69E+08 1.69E+08 0 18 0 5.39 0 0 18
chr1 1.69E+08 1.69E+08 41 8 9.56 2.2 41 9.56 8
chr1 1.78E+08 1.78E+08 18 60 4.97 18.11 18 4.97 60
chr1 1.84E+08 1.84E+08 8 40 2.68 13.71 8 2.68 40
chr1 1.87E+08 1.87E+08 58 16 16.44 4.65 58 16.44 16
chr1 1.87E+08 1.87E+08 66 20 20.26 6.12 66 20.26 20
chr1 1.94E+08 1.94E+08 47 99 11.47 24.72 47 11.47 99
chr1 1.94E+08 1.94E+08 45 99 10.71 24.72 45 10.71 99
chr1 1.94E+08 1.94E+08 5 32 1.53 10.53 5 1.53 32
chr1 1.97E+08 1.97E+08 21 64 5.74 18.85 21 5.74 64
chr2 4439001 4439500 38 8 8.79 2.45 38 8.79 8
chr2 4439501 4440000 41 8 9.56 2.2 41 9.56 8
chr2 4574001 4574500 50 14 12.62 4.16 50 12.62 14
chr2 11990501 11991000 56 14 15.68 4.16 56 15.68 14
chr2 12563001 12563500 10 55 3.06 17.38 10 3.06 55
chr2 13787001 13787500 21 73 5.74 20.07 21 5.74 73
chr2 20305501 20306000 7 36 2.29 12.24 7 2.29 36
chr2 28269001 28269500 32 5 7.65 1.47 32 7.65 5
chr2 39639501 39640000 10 42 3.06 14.2 10 3.06 42
chr2 41630501 41631000 4 32 1.15 10.53 4 1.15 32
chr2 46585501 46586000 2 30 0.76 10.04 2 0.76 30
chr2 46865001 46865500 12 47 3.44 15.67 12 3.44 47
chr2 47497501 47498000 2 26 0.38 8.32 2 0.38 26
chr2 53621001 53621500 5 42 1.53 14.2 5 1.53 42
chr2 53621501 53622000 7 38 2.29 12.73 7 2.29 38
chr2 77851001 77851500 10 43 3.06 14.69 10 3.06 43
chr2 77851501 77852000 16 56 4.59 17.62 16 4.59 56
chr2 80803001 80803500 8 55 2.68 17.38 8 2.68 55
chr2 80803501 80804000 7 49 2.29 16.16 7 2.29 49
chr2 84720501 84721000 40 8 9.18 2.2 40 9.18 8
chr2 86185501 86186000 6 42 1.91 14.2 6 1.91 42
chr2 86683001 86683500 8 50 2.68 16.4 8 2.68 50
chr2 92500501 92501000 53 12 14.15 3.43 53 14.15 12
chr2 93670501 93671000 4 38 1.15 13.22 4 1.15 38
chr2 94645001 94645500 0 25 0 8.08 0 0 25
chr2 98472501 98473000 6 60 1.91 18.11 6 1.91 60
chr2 1.03E+08 1.03E+08 21 0 5.74 0.24 21 5.74 0
chr2 1.12E+08 1.12E+08 10 49 3.06 16.16 10 3.06 49
chr2 1.14E+08 1.14E+08 13 54 3.82 17.13 13 3.82 54
chr2 1.41E+08 1.41E+08 2 25 0.76 8.08 2 0.76 25
chr2 1.41E+08 1.41E+08 13 50 3.82 16.4 13 3.82 50
chr2 1.51E+08 1.51E+08 8 38 2.68 12.73 8 2.68 38
chr2 1.55E+08 1.55E+08 12 71 3.44 19.83 12 3.44 71
chr2 1.59E+08 1.59E+08 8 78 2.68 20.81 8 2.68 78
chr2 1.62E+08 1.62E+08 21 66 5.74 19.09 21 5.74 66
chr2 1.64E+08 1.64E+08 90 32 33.26 11.02 90 33.26 32
chr2 1.69E+08 1.69E+08 83 30 29.82 10.28 83 29.82 30
chr2 1.69E+08 1.69E+08 56 16 15.29 5.14 56 15.29 16
chr2 1.74E+08 1.74E+08 66 22 20.26 6.85 66 20.26 22
chr2 1.74E+08 1.74E+08 40 8 9.18 2.2 40 9.18 8
chr3 3262501 3263000 14 52 4.21 16.65 14 4.21 52
chr3 3332001 3332500 0 22 0 6.85 0 0 22
chr3 4393001 4393500 16 54 4.59 17.13 16 4.59 54
chr3 6304001 6304500 12 52 3.44 16.89 12 3.44 52
chr3 6306501 6307000 10 45 3.06 15.18 10 3.06 45
chr3 6307001 6307500 8 62 2.68 18.6 8 2.68 62
chr3 8832001 8832500 5 48 1.53 15.91 5 1.53 48
chr3 8832501 8833000 5 47 1.53 15.67 5 1.53 47
chr3 9344001 9344500 46 8 11.09 2.45 46 11.09 8
chr3 10876501 10877000 5 32 1.53 10.77 5 1.53 32
chr3 16391501 16392000 4 42 1.15 14.44 4 1.15 42
chr3 16478501 16479000 12 50 3.44 16.4 12 3.44 50
chr3 16896001 16896500 32 4 7.65 0.98 32 7.65 4
chr3 17634001 17634500 20 62 5.35 18.6 20 5.35 62
chr3 21091001 21091500 10 55 3.06 17.38 10 3.06 55
chr3 21589501 21590000 16 56 4.59 17.62 16 4.59 56
chr3 26922001 26922500 32 94 7.65 23.74 32 7.65 94
chr3 35378501 35379000 48 12 11.85 3.43 48 11.85 12
chr3 42128501 42129000 2 26 0.38 8.57 2 0.38 26
chr3 43361501 43362000 4 30 1.15 10.28 4 1.15 30
chr3 44471001 44471500 41 8 9.56 2.2 41 9.56 8
chr3 45945501 45946000 14 54 4.21 17.13 14 4.21 54
chr3 50767001 50767500 8 38 2.68 12.73 8 2.68 38
chr3 56175501 56176000 12 56 3.44 17.62 12 3.44 56
chr3 58656501 58657000 10 44 3.06 14.93 10 3.06 44
chr3 59372001 59372500 5 34 1.53 11.26 5 1.53 34
chr3 62170001 62170500 2 25 0.76 8.08 2 0.76 25
chr3 64999501 65000000 5 34 1.53 11.5 5 1.53 34
chr3 65000001 65000500 6 36 1.91 12.24 6 1.91 36
chr3 66439501 66440000 10 48 3.06 15.91 10 3.06 48
chr3 66901001 66901500 38 90 8.79 22.76 38 8.79 90
chr3 67066501 67067000 2 25 0.38 8.08 2 0.38 25
chr3 69447501 69448000 14 60 4.21 18.11 14 4.21 60
chr3 72091001 72091500 5 38 1.53 13.22 5 1.53 38
chr3 74021001 74021500 2 30 0.76 9.79 2 0.76 30
chr3 76994001 76994500 2 26 0.76 8.32 2 0.76 26
chr3 78621501 78622000 10 43 3.06 14.69 10 3.06 43
chr3 82398001 82398500 5 32 1.53 10.53 5 1.53 32
chr3 90325501 90326000 38 8 8.79 2.45 38 8.79 8
chr3 90900001 90900500 14 56 4.21 17.62 14 4.21 56
chr3 90903001 90903500 20 64 5.35 18.85 20 5.35 64
chr3 90903501 90904000 18 58 4.97 17.87 18 4.97 58
chr3 93086501 93087000 2 32 0.38 10.53 2 0.38 32
chr3 93094001 93094500 8 40 2.68 13.46 8 2.68 40
chr3 93095001 93095500 5 34 1.53 11.26 5 1.53 34
chr3 97872501 97873000 47 12 11.47 3.43 47 11.47 12
chr3 99935501 99936000 5 32 1.53 10.53 5 1.53 32
chr3 1.05E+08 1.05E+08 14 55 4.21 17.38 14 4.21 55
chr3 1.05E+08 1.05E+08 7 38 2.29 12.73 7 2.29 38
chr3 1.06E+08 1.06E+08 13 60 3.82 18.11 13 3.82 60
chr3 1.24E+08 1.24E+08 13 69 3.82 19.58 13 3.82 69
chr3 1.32E+08 1.32E+08 10 44 3.06 14.93 10 3.06 44
chr3 1.37E+08 1.37E+08 5 38 1.53 13.22 5 1.53 38
chr3 1.46E+08 1.46E+08 10 52 3.06 16.89 10 3.06 52
chr3 1.46E+08 1.46E+08 38 8 8.79 2.45 38 8.79 8
chr3 1.48E+08 1.48E+08 50 14 12.62 4.41 50 12.62 14
chr3 1.52E+08 1.52E+08 13 75 3.82 20.32 13 3.82 75
chr3 1.52E+08 1.52E+08 70 22 22.56 7.1 70 22.56 22
chr3 1.52E+08 1.52E+08 4 30 1.15 10.28 4 1.15 30
chr3 1.53E+08 1.53E+08 40 8 9.18 2.2 40 9.18 8
chr4 4816501 4817000 32 80 7.65 21.05 32 7.65 80
chr4 5746501 5747000 8 40 2.68 13.46 8 2.68 40
chr4 5747001 5747500 10 42 3.06 14.44 10 3.06 42
chr4 7551501 7552000 0 18 0 5.39 0 0 18
chr4 13223001 13223500 0 24 0 7.59 0 0 24
chr4 13223501 13224000 0 22 0 6.85 0 0 22
chr4 14560001 14560500 21 73 5.74 20.07 21 5.74 73
chr4 15505501 15506000 10 44 3.06 14.93 10 3.06 44
chr4 17236501 17237000 12 46 3.44 15.42 12 3.44 46
chr4 19677501 19678000 5 34 1.53 11.26 5 1.53 34
chr4 21309001 21309500 14 69 4.21 19.58 14 4.21 69
chr4 21309501 21310000 10 52 3.06 16.89 10 3.06 52
chr4 21875001 21875500 56 16 15.68 4.9 56 15.68 16
chr4 21875501 21876000 58 16 16.06 4.65 58 16.06 16
chr4 31863001 31863500 16 64 4.59 18.85 16 4.59 64
chr4 31863501 31864000 12 82 3.44 21.3 12 3.44 82
chr4 31864001 31864500 13 60 3.82 18.36 13 3.82 60
chr4 31864501 31865000 8 49 2.68 16.16 8 2.68 49
chr4 31865001 31865500 8 48 2.68 15.91 8 2.68 48
chr4 32472501 32473000 44 10 10.32 2.94 44 10.32 10
chr4 32883501 32884000 45 99 10.71 24.72 45 10.71 99
chr4 34296001 34296500 10 44 3.06 14.93 10 3.06 44
chr4 34454501 34455000 7 36 2.29 12.48 7 2.29 36
chr4 34488001 34488500 10 45 3.06 15.18 10 3.06 45
chr4 35546001 35546500 40 7 9.18 1.96 40 9.18 7
chr4 40182501 40183000 84 34 30.59 11.5 84 30.59 34
chr4 47466501 47467000 50 12 12.62 3.67 50 12.62 12
chr4 49341501 49342000 10 52 3.06 16.89 10 3.06 52
chr4 49342001 49342500 18 62 4.97 18.6 18 4.97 62
chr4 52903501 52904000 6 34 1.91 11.5 6 1.91 34
chr4 53959501 53960000 23 71 6.12 19.83 23 6.12 71
chr4 56448001 56448500 14 52 4.21 16.89 14 4.21 52
chr4 61616001 61616500 6 34 1.91 11.5 6 1.91 34
chr4 62592001 62592500 4 30 1.15 10.28 4 1.15 30
chr4 66627001 66627500 10 42 3.06 14.44 10 3.06 42
chr4 67951501 67952000 10 71 3.06 19.83 10 3.06 71
chr4 74578001 74578500 20 66 5.35 19.09 20 5.35 66
chr4 74716001 74716500 6 34 1.91 11.75 6 1.91 34
chr4 76640501 76641000 30 2 7.26 0.49 30 7.26 2
chr4 82712001 82712500 14 71 4.21 19.83 14 4.21 71
chr4 82712501 82713000 12 83 3.44 21.54 12 3.44 83
chr4 83186501 83187000 28 88 6.88 22.28 28 6.88 88
chr4 83187001 83187500 14 66 4.21 19.09 14 4.21 66
chr4 85539001 85539500 45 10 10.71 2.69 45 10.71 10
chr4 91307001 91307500 5 32 1.53 11.02 5 1.53 32
chr4 95177001 95177500 14 78 4.21 20.81 14 4.21 78
chr4 1.01E+08 1.01E+08 2 28 0.76 9.06 2 0.76 28
chr4 1.05E+08 1.05E+08 12 49 3.44 16.16 12 3.44 49
chr4 1.05E+08 1.05E+08 50 14 12.62 4.16 50 12.62 14
chr4 1.17E+08 1.17E+08 10 42 3.06 14.2 10 3.06 42
chr4 1.19E+08 1.19E+08 23 66 6.12 19.09 23 6.12 66
chr4 1.2E+08 1.2E+08 42 92 9.94 23.25 42 9.94 92
chr4 1.21E+08 1.21E+08 23 68 6.12 19.34 23 6.12 68
chr4 1.24E+08 1.24E+08 52 13 13.38 3.92 52 13.38 13
chr4 1.28E+08 1.28E+08 44 8 10.32 2.45 44 10.32 8
chr4 1.39E+08 1.39E+08 46 12 11.09 3.67 46 11.09 12
chr4 1.42E+08 1.42E+08 8 38 2.68 13.22 8 2.68 38
chr4 1.47E+08 1.47E+08 0 18 0 5.39 0 0 18
chr4 1.5E+08 1.5E+08 51 12 13 3.67 51 13 12
chr4 1.52E+08 1.52E+08 49 12 12.24 3.67 49 12.24 12
chr4 1.52E+08 1.52E+08 52 14 13.76 4.16 52 13.76 14
chr4 1.54E+08 1.54E+08 48 11 11.85 3.18 48 11.85 11
chr4 1.54E+08 1.54E+08 44 8 10.32 2.2 44 10.32 8
chr4 1.54E+08 1.54E+08 62 14 18.74 4.16 62 18.74 14
chr5 4052001 4052500 38 6 8.79 1.71 38 8.79 6
chr5 4052501 4053000 46 10 11.09 2.94 46 11.09 10
chr5 4417001 4417500 40 8 9.18 2.2 40 9.18 8
chr5 7621501 7622000 8 38 2.68 12.73 8 2.68 38
chr5 16409501 16410000 0 18 0 5.63 0 0 18
chr5 19633001 19633500 2 26 0.76 8.32 2 0.76 26
chr5 20178501 20179000 56 16 15.29 4.65 56 15.29 16
chr5 20748001 20748500 13 56 3.82 17.62 13 3.82 56
chr5 21711501 21712000 5 32 1.53 10.77 5 1.53 32
chr5 42675501 42676000 0 19 0 5.87 0 0 19
chr5 42676001 42676500 6 49 1.91 16.16 6 1.91 49
chr5 46850001 46850500 12 73 3.44 20.07 12 3.44 73
chr5 46850501 46851000 8 49 2.68 16.16 8 2.68 49
chr5 48361001 48361500 6 36 1.91 12.24 6 1.91 36
chr5 50129501 50130000 16 60 4.59 18.36 16 4.59 60
chr5 53309501 53310000 64 21 19.5 6.61 64 19.5 21
chr5 59271001 59271500 0 20 0 6.36 0 0 20
chr5 59316501 59317000 14 68 4.21 19.34 14 4.21 68
chr5 61120001 61120500 7 36 2.29 12.48 7 2.29 36
chr5 61120501 61121000 8 62 2.68 18.6 8 2.68 62
chr5 65435501 65436000 70 22 22.94 7.1 70 22.94 22
chr5 65436001 65436500 88 32 32.12 10.77 88 32.12 32
chr5 68528501 68529000 8 38 2.68 12.97 8 2.68 38
chr5 71780001 71780500 2 28 0.38 9.3 2 0.38 28
chr5 73856001 73856500 5 42 1.53 14.2 5 1.53 42
chr5 74453501 74454000 48 12 11.85 3.43 48 11.85 12
chr5 74704501 74705000 71 26 23.32 8.32 71 23.32 26
chr5 76056501 76057000 66 20 20.26 6.36 66 20.26 20
chr5 77360501 77361000 46 100 11.09 24.97 46 11.09 100
chr5 77363501 77364000 5 34 1.53 11.26 5 1.53 34
chr5 77364001 77364500 7 41 2.29 13.95 7 2.29 41
chr5 79541001 79541500 36 6 8.41 1.71 36 8.41 6
chr5 84020001 84020500 23 64 6.12 18.85 23 6.12 64
chr5 90970501 90971000 7 46 2.29 15.42 7 2.29 46
chr5 91846501 91847000 21 62 5.74 18.6 21 5.74 62
chr5 95233001 95233500 13 48 3.82 15.91 13 3.82 48
chr5 98640501 98641000 18 68 4.97 19.34 18 4.97 68
chr5 1E+08 1E+08 5 32 1.53 10.53 5 1.53 32
chr5 1.03E+08 1.03E+08 4 30 1.15 9.79 4 1.15 30
chr5 1.04E+08 1.04E+08 20 0 5.35 0 20 5.35 0
chr5 1.1E+08 1.1E+08 7 43 2.29 14.69 7 2.29 43
chr5 1.1E+08 1.1E+08 45 10 10.71 2.94 45 10.71 10
chr5 1.12E+08 1.12E+08 60 18 17.21 5.39 60 17.21 18
chr5 1.17E+08 1.17E+08 45 10 10.71 2.69 45 10.71 10
chr5 1.23E+08 1.23E+08 96 34 35.94 11.5 96 35.94 34
chr5 1.24E+08 1.24E+08 34 6 8.03 1.71 34 8.03 6
chr5 1.25E+08 1.25E+08 48 10 11.85 2.94 48 11.85 10
chr5 1.25E+08 1.25E+08 47 10 11.47 2.94 47 11.47 10
chr5 1.26E+08 1.26E+08 8 49 2.68 16.16 8 2.68 49
chr5 1.33E+08 1.33E+08 40 7 9.18 1.96 40 9.18 7
chr5 1.34E+08 1.34E+08 12 55 3.44 17.38 12 3.44 55
chr5 1.4E+08 1.4E+08 40 8 9.18 2.2 40 9.18 8
chr5 1.42E+08 1.42E+08 36 7 8.41 1.96 36 8.41 7
chr5 1.47E+08 1.47E+08 52 14 13.76 4.41 52 13.76 14
chr5 1.52E+08 1.52E+08 2 26 0.76 8.57 2 0.76 26
chr6 3140001 3140500 6 40 1.91 13.46 6 1.91 40
chr6 4764501 4765000 0 18 0 5.63 0 0 18
chr6 5145501 5146000 36 7 8.41 1.96 36 8.41 7
chr6 5280501 5281000 4 36 1.15 12.24 4 1.15 36
chr6 10280501 10281000 20 0 5.35 0.24 20 5.35 0
chr6 13522001 13522500 14 60 4.21 18.11 14 4.21 60
chr6 13522501 13523000 4 34 1.15 11.26 4 1.15 34
chr6 13722501 13723000 7 38 2.29 12.73 7 2.29 38
chr6 14254501 14255000 14 55 4.21 17.38 14 4.21 55
chr6 14745501 14746000 30 4 7.26 1.22 30 7.26 4
chr6 22595501 22596000 8 55 2.68 17.38 8 2.68 55
chr6 22596001 22596500 6 40 1.91 13.46 6 1.91 40
chr6 24019001 24019500 5 32 1.53 11.02 5 1.53 32
chr6 28481501 28482000 53 16 14.15 4.65 53 14.15 16
chr6 45436001 45436500 8 44 2.68 14.93 8 2.68 44
chr6 61991501 61992000 6 36 1.91 12.24 6 1.91 36
chr6 73056501 73057000 12 52 3.44 16.89 12 3.44 52
chr6 76797501 76798000 14 54 4.21 17.13 14 4.21 54
chr6 87357501 87358000 23 69 6.12 19.58 23 6.12 69
chr6 89984001 89984500 8 40 2.68 13.46 8 2.68 40
chr6 89985001 89985500 7 42 2.29 14.44 7 2.29 42
chr6 91171501 91172000 51 14 13 4.16 51 13 14
chr6 94992501 94993000 30 88 7.26 22.28 30 7.26 88
chr6 1E+08 1E+08 98 40 36.32 13.46 98 36.32 40
chr6 1E+08 1E+08 94 35 34.79 11.99 94 34.79 35
chr6 1.01E+08 1.01E+08 2 28 0.76 9.06 2 0.76 28
chr6 1.02E+08 1.02E+08 6 34 1.91 11.26 6 1.91 34
chr6 1.03E+08 1.03E+08 6 40 1.91 13.71 6 1.91 40
chr6 1.04E+08 1.04E+08 8 42 2.68 14.44 8 2.68 42
chr6 1.05E+08 1.05E+08 0 38 0 13.22 0 0 38
chr6 1.1E+08 1.1E+08 7 46 2.29 15.42 7 2.29 46
chr6 1.1E+08 1.1E+08 7 58 2.29 17.87 7 2.29 58
chr6 1.1E+08 1.1E+08 2 25 0.38 8.08 2 0.38 25
chr6 1.13E+08 1.13E+08 34 6 8.03 1.71 34 8.03 6
chr6 1.17E+08 1.17E+08 7 41 2.29 13.95 7 2.29 41
chr6 1.2E+08 1.2E+08 8 41 2.68 13.95 8 2.68 41
chr6 1.22E+08 1.22E+08 48 13 11.85 3.92 48 11.85 13
chr6 1.22E+08 1.22E+08 50 14 12.62 4.16 50 12.62 14
chr6 1.26E+08 1.26E+08 7 68 2.29 19.34 7 2.29 68
chr6 1.27E+08 1.27E+08 48 13 11.85 3.92 48 11.85 13
chr6 1.3E+08 1.3E+08 23 69 6.12 19.58 23 6.12 69
chr6 1.37E+08 1.37E+08 0 18 0 5.63 0 0 18
chr6 1.41E+08 1.41E+08 20 62 5.35 18.6 20 5.35 62
chr6 1.41E+08 1.41E+08 10 66 3.06 19.09 10 3.06 66
chr6 1.41E+08 1.41E+08 10 42 3.06 14.44 10 3.06 42
chr6 1.41E+08 1.41E+08 12 52 3.44 16.65 12 3.44 52
chr6 1.45E+08 1.45E+08 7 47 2.29 15.67 7 2.29 47
chr6 1.46E+08 1.46E+08 52 14 13.38 4.41 52 13.38 14
chr6 1.47E+08 1.47E+08 47 12 11.47 3.67 47 11.47 12
chr7 4707001 4707500 64 21 19.5 6.61 64 19.5 21
chr7 20898001 20898500 4 30 1.15 9.79 4 1.15 30
chr7 24212001 24212500 68 20 21.79 6.12 68 21.79 20
chr7 29045501 29046000 23 77 6.12 20.56 23 6.12 77
chr7 31474501 31475000 38 92 8.79 23.25 38 8.79 92
chr7 35420501 35421000 38 8 8.79 2.45 38 8.79 8
chr7 35435501 35436000 34 5 8.03 1.47 34 8.03 5
chr7 36063501 36064000 30 4 7.26 1.22 30 7.26 4
chr7 49427001 49427500 2 32 0.76 10.53 2 0.76 32
chr7 51993501 51994000 48 13 11.85 3.92 48 11.85 13
chr7 55358501 55359000 6 34 1.91 11.5 6 1.91 34
chr7 55360001 55360500 28 94 6.88 23.74 28 6.88 94
chr7 62200001 62200500 8 48 2.68 15.91 8 2.68 48
chr7 64629501 64630000 2 26 0.76 8.32 2 0.76 26
chr7 65313001 65313500 10 45 3.06 15.18 10 3.06 45
chr7 65497001 65497500 12 49 3.44 16.16 12 3.44 49
chr7 66138501 66139000 16 80 4.59 21.05 16 4.59 80
chr7 67914501 67915000 10 62 3.06 18.6 10 3.06 62
chr7 70169001 70169500 12 50 3.44 16.4 12 3.44 50
chr7 71272001 71272500 16 58 4.59 17.87 16 4.59 58
chr7 71745001 71745500 10 52 3.06 16.89 10 3.06 52
chr7 71745501 71746000 7 71 2.29 19.83 7 2.29 71
chr7 76518001 76518500 32 2 7.65 0.73 32 7.65 2
chr7 79795501 79796000 13 52 3.82 16.89 13 3.82 52
chr7 79796501 79797000 4 44 1.15 14.93 4 1.15 44
chr7 79799501 79800000 6 34 1.91 11.26 6 1.91 34
chr7 82100501 82101000 7 36 2.29 12.24 7 2.29 36
chr7 89200001 89200500 53 14 14.15 4.16 53 14.15 14
chr7 89200501 89201000 47 12 11.47 3.67 47 11.47 12
chr7 89312001 89312500 40 5 9.18 1.47 40 9.18 5
chr7 91623001 91623500 2 26 0.76 8.57 2 0.76 26
chr7 94133501 94134000 5 50 1.53 16.4 5 1.53 50
chr7 96721501 96722000 18 75 4.97 20.32 18 4.97 75
chr7 98013001 98013500 23 78 6.12 20.81 23 6.12 78
chr7 1.22E+08 1.22E+08 7 36 2.29 12.48 7 2.29 36
chr7 1.24E+08 1.24E+08 18 0 4.97 0.24 18 4.97 0
chr7 1.32E+08 1.32E+08 6 34 1.91 11.5 6 1.91 34
chr7 1.37E+08 1.37E+08 13 77 3.82 20.56 13 3.82 77
chr7 1.41E+08 1.41E+08 13 48 3.82 15.91 13 3.82 48
chr7 1.42E+08 1.42E+08 36 7 8.41 1.96 36 8.41 7
chr7 1.44E+08 1.44E+08 4 30 1.15 10.04 4 1.15 30
chr8 13994001 13994500 40 8 9.18 2.2 40 9.18 8
chr8 19864501 19865000 51 12 13 3.67 51 13 12
chr8 24947501 24948000 6 34 1.91 11.5 6 1.91 34
chr8 25750501 25751000 23 0 6.12 0.24 23 6.12 0
chr8 25751001 25751500 32 4 7.65 0.98 32 7.65 4
chr8 26988501 26989000 14 52 4.21 16.89 14 4.21 52
chr8 28624501 28625000 2 26 0.76 8.32 2 0.76 26
chr8 28671501 28672000 2 28 0.76 9.06 2 0.76 28
chr8 34262001 34262500 8 46 2.68 15.42 8 2.68 46
chr8 39847001 39847500 7 40 2.29 13.46 7 2.29 40
chr8 42511501 42512000 4 42 1.15 14.44 4 1.15 42
chr8 44091501 44092000 8 50 2.68 16.4 8 2.68 50
chr8 55954001 55954500 2 27 0.76 8.81 2 0.76 27
chr8 60050501 60051000 41 6 9.56 1.71 41 9.56 6
chr8 60574501 60575000 5 49 1.53 16.16 5 1.53 49
chr8 60575001 60575500 10 52 3.06 16.89 10 3.06 52
chr8 62760501 62761000 20 64 5.35 18.85 20 5.35 64
chr8 62798001 62798500 14 56 4.21 17.62 14 4.21 56
chr8 76053501 76054000 7 40 2.29 13.71 7 2.29 40
chr8 77241501 77242000 5 36 1.53 12.48 5 1.53 36
chr8 92447501 92448000 13 60 3.82 18.11 13 3.82 60
chr8 92448001 92448500 12 46 3.44 15.42 12 3.44 46
chr8 92526001 92526500 40 7 9.18 1.96 40 9.18 7
chr8 95865501 95866000 6 40 1.91 13.46 6 1.91 40
chr8 1.01E+08 1.01E+08 14 54 4.21 17.13 14 4.21 54
chr8 1.04E+08 1.04E+08 10 52 3.06 16.89 10 3.06 52
chr8 1.04E+08 1.04E+08 2 34 0.76 11.5 2 0.76 34
chr8 1.05E+08 1.05E+08 21 68 5.74 19.34 21 5.74 68
chr8 1.2E+08 1.2E+08 13 48 3.82 15.91 13 3.82 48
chr8 1.23E+08 1.23E+08 46 8 11.09 2.45 46 11.09 8
chr8 1.28E+08 1.28E+08 53 14 14.15 4.16 53 14.15 14
chr8 1.29E+08 1.29E+08 47 12 11.47 3.67 47 11.47 12
chr8 1.29E+08 1.29E+08 51 12 13 3.43 51 13 12
chr9 3465001 3465500 4 35 1.15 11.99 4 1.15 35
chr9 5781001 5781500 4 40 1.15 13.46 4 1.15 40
chr9 7408501 7409000 4 30 1.15 10.04 4 1.15 30
chr9 7410501 7411000 2 28 0.76 9.3 2 0.76 28
chr9 8783001 8783500 6 36 1.91 12.24 6 1.91 36
chr9 13562501 13563000 6 34 1.91 11.26 6 1.91 34
chr9 16258501 16259000 52 14 13.38 4.41 52 13.38 14
chr9 17947501 17948000 6 34 1.91 11.5 6 1.91 34
chr9 25665501 25666000 5 38 1.53 12.73 5 1.53 38
chr9 31890501 31891000 13 48 3.82 15.91 13 3.82 48
chr9 32117001 32117500 51 13 13 3.92 51 13 13
chr9 32848501 32849000 10 47 3.06 15.67 10 3.06 47
chr9 32849001 32849500 20 73 5.35 20.07 20 5.35 73
chr9 32967001 32967500 21 73 5.74 20.07 21 5.74 73
chr9 43343501 43344000 52 14 13.76 4.16 52 13.76 14
chr9 45748501 45749000 54 16 14.53 4.65 54 14.53 16
chr9 46773001 46773500 44 11 10.32 3.18 44 10.32 11
chr9 47995001 47995500 44 11 10.32 3.18 44 10.32 11
chr9 50732001 50732500 20 0 5.35 0 20 5.35 0
chr9 53867001 53867500 8 45 2.68 15.18 8 2.68 45
chr9 54205001 54205500 6 41 1.91 13.95 6 1.91 41
chr9 60386501 60387000 51 12 13 3.43 51 13 12
chr9 60387001 60387500 84 34 30.59 11.5 84 30.59 34
chr9 71819501 71820000 5 34 1.53 11.26 5 1.53 34
chr9 73244501 73245000 8 38 2.68 12.97 8 2.68 38
chr9 78736501 78737000 0 18 0 5.63 0 0 18
chr9 79751001 79751500 12 52 3.44 16.65 12 3.44 52
chr9 89512001 89512500 49 13 12.24 3.92 49 12.24 13
chr9 92914501 92915000 8 40 2.68 13.46 8 2.68 40
chr9 1.01E+08 1.01E+08 5 34 1.53 11.26 5 1.53 34
chr9 1.05E+08 1.05E+08 8 60 2.68 18.11 8 2.68 60
chr9 1.06E+08 1.06E+08 36 2 8.41 0.73 36 8.41 2
chr9 1.11E+08 1.11E+08 14 64 4.21 18.85 14 4.21 64
chr9 1.11E+08 1.11E+08 20 84 5.35 21.79 20 5.35 84
chr9 1.13E+08 1.13E+08 50 14 12.62 4.16 50 12.62 14
chr9 1.21E+08 1.21E+08 5 52 1.53 16.65 5 1.53 52
chr10 5434001 5434500 2 26 0.76 8.32 2 0.76 26
chr10 7453501 7454000 45 10 10.71 2.94 45 10.71 10
chr10 10304501 10305000 13 69 3.82 19.58 13 3.82 69
chr10 11986501 11987000 8 40 2.68 13.71 8 2.68 40
chr10 22409001 22409500 16 55 4.59 17.38 16 4.59 55
chr10 25178501 25179000 86 34 30.97 11.5 86 30.97 34
chr10 25179001 25179500 41 8 9.56 2.2 41 9.56 8
chr10 27543501 27544000 0 20 0 6.12 0 0 20
chr10 32542501 32543000 8 38 2.68 12.97 8 2.68 38
chr10 34768001 34768500 20 0 5.35 0.24 20 5.35 0
chr10 35241001 35241500 7 42 2.29 14.2 7 2.29 42
chr10 35396501 35397000 8 44 2.68 14.93 8 2.68 44
chr10 35397001 35397500 8 68 2.68 19.34 8 2.68 68
chr10 35397501 35398000 13 99 3.82 24.72 13 3.82 99
chr10 35398001 35398500 8 41 2.68 13.95 8 2.68 41
chr10 41160501 41161000 7 38 2.29 12.73 7 2.29 38
chr10 42095001 42095500 10 71 3.06 19.83 10 3.06 71
chr10 42602001 42602500 44 7 10.32 1.96 44 10.32 7
chr10 50754001 50754500 4 32 1.15 11.02 4 1.15 32
chr10 50754501 50755000 13 54 3.82 17.13 13 3.82 54
chr10 55615501 55616000 45 11 10.71 3.18 45 10.71 11
chr10 60636001 60636500 30 4 7.26 1.22 30 7.26 4
chr10 65401001 65401500 10 69 3.06 19.58 10 3.06 69
chr10 65401501 65402000 6 38 1.91 12.97 6 1.91 38
chr10 65418001 65418500 26 73 6.5 20.07 26 6.5 73
chr10 74231001 74231500 6 36 1.91 12.24 6 1.91 36
chr10 76766501 76767000 52 6 13.38 1.71 52 13.38 6
chr10 78905501 78906000 21 73 5.74 20.07 21 5.74 73
chr10 79104501 79105000 45 10 10.71 2.94 45 10.71 10
chr10 81875501 81876000 38 8 8.79 2.2 38 8.79 8
chr10 83195001 83195500 38 8 8.79 2.45 38 8.79 8
chr10 93831501 93832000 18 66 4.97 19.09 18 4.97 66
chr10 94036501 94037000 45 7 10.71 1.96 45 10.71 7
chr10 99202501 99203000 21 71 5.74 19.83 21 5.74 71
chr10 1.07E+08 1.07E+08 21 75 5.74 20.32 21 5.74 75
chr10 1.16E+08 1.16E+08 30 4 7.26 1.22 30 7.26 4
chr10 1.17E+08 1.17E+08 51 14 13 4.16 51 13 14
chr10 1.22E+08 1.22E+08 38 8 8.79 2.45 38 8.79 8
chr10 1.22E+08 1.22E+08 5 32 1.53 10.77 5 1.53 32
chr10 1.24E+08 1.24E+08 6 40 1.91 13.46 6 1.91 40
chr10 1.29E+08 1.29E+08 30 80 7.26 21.05 30 7.26 80
chr11 3050501 3051000 144 254 54.68 65.85 144 54.68 254
chr11 5457001 5457500 23 71 6.12 19.83 23 6.12 71
chr11 8821001 8821500 26 108 6.5 27.17 26 6.5 108
chr11 8821501 8822000 23 82 6.12 21.3 23 6.12 82
chr11 12412001 12412500 20 71 5.35 19.83 20 5.35 71
chr11 13446501 13447000 13 56 3.82 17.62 13 3.82 56
chr11 13716001 13716500 5 38 1.53 12.97 5 1.53 38
chr11 18008501 18009000 42 101 9.94 25.21 42 9.94 101
chr11 18523501 18524000 6 34 1.91 11.5 6 1.91 34
chr11 23147001 23147500 7 36 2.29 12.24 7 2.29 36
chr11 24711501 24712000 5 34 1.53 11.75 5 1.53 34
chr11 31353001 31353500 4 32 1.15 10.77 4 1.15 32
chr11 31497001 31497500 2 26 0.76 8.57 2 0.76 26
chr11 47242001 47242500 8 38 2.68 12.97 8 2.68 38
chr11 51106501 51107000 46 5 11.09 1.47 46 11.09 5
chr11 58487501 58488000 10 54 3.06 17.13 10 3.06 54
chr11 65605001 65605500 47 12 11.47 3.43 47 11.47 12
chr11 66767501 66768000 13 52 3.82 16.89 13 3.82 52
chr11 72879501 72880000 7 36 2.29 12.24 7 2.29 36
chr11 85991001 85991500 6 34 1.91 11.5 6 1.91 34
chr11 85991501 85992000 5 38 1.53 13.22 5 1.53 38
chr11 86696501 86697000 23 73 6.12 20.07 23 6.12 73
chr11 88097501 88098000 52 13 13.38 3.92 52 13.38 13
chr11 88778001 88778500 18 68 4.97 19.34 18 4.97 68
chr11 90834501 90835000 8 52 2.68 16.89 8 2.68 52
chr11 92456001 92456500 10 52 3.06 16.65 10 3.06 52
chr11 99687501 99688000 0 18 0 5.39 0 0 18
chr11 1.02E+08 1.02E+08 36 4 8.41 1.22 36 8.41 4
chr11 1.03E+08 1.03E+08 34 90 8.03 22.76 34 8.03 90
chr11 1.03E+08 1.03E+08 28 96 6.88 24.23 28 6.88 96
chr11 1.06E+08 1.06E+08 48 10 11.85 2.94 48 11.85 10
chr12 4811501 4812000 2 25 0.38 8.08 2 0.38 25
chr12 6020001 6020500 4 38 1.15 12.97 4 1.15 38
chr12 8634501 8635000 6 34 1.91 11.5 6 1.91 34
chr12 14004501 14005000 6 36 1.91 12.24 6 1.91 36
chr12 14005001 14005500 2 26 0.76 8.32 2 0.76 26
chr12 14797501 14798000 4 30 1.15 9.79 4 1.15 30
chr12 14798001 14798500 10 55 3.06 17.38 10 3.06 55
chr12 15198501 15199000 14 66 4.21 19.09 14 4.21 66
chr12 15199001 15199500 14 66 4.21 19.09 14 4.21 66
chr12 16422001 16422500 30 77 7.26 20.56 30 7.26 77
chr12 20164501 20165000 12 52 3.44 16.65 12 3.44 52
chr12 21995501 21996000 21 69 5.74 19.58 21 5.74 69
chr12 26720001 26720500 8 38 2.68 13.22 8 2.68 38
chr12 30776001 30776500 8 38 2.68 12.97 8 2.68 38
chr12 33103001 33103500 4 30 1.15 10.28 4 1.15 30
chr12 33103501 33104000 0 20 0 6.12 0 0 20
chr12 33221001 33221500 10 43 3.06 14.69 10 3.06 43
chr12 36529501 36530000 5 38 1.53 12.73 5 1.53 38
chr12 38090501 38091000 38 7 8.79 1.96 38 8.79 7
chr12 43667501 43668000 2 26 0.38 8.32 2 0.38 26
chr12 44772501 44773000 4 30 1.15 10.28 4 1.15 30
chr12 45058501 45059000 0 18 0 5.63 0 0 18
chr12 45062001 45062500 8 38 2.68 12.73 8 2.68 38
chr12 47146001 47146500 16 69 4.59 19.58 16 4.59 69
chr12 50624001 50624500 34 6 8.03 1.71 34 8.03 6
chr12 55264501 55265000 46 10 11.09 2.69 46 11.09 10
chr12 55879501 55880000 8 38 2.68 12.73 8 2.68 38
chr12 62864001 62864500 13 52 3.82 16.65 13 3.82 52
chr12 64220501 64221000 14 54 4.21 17.13 14 4.21 54
chr12 64221001 64221500 16 55 4.59 17.38 16 4.59 55
chr12 64453001 64453500 10 52 3.06 16.65 10 3.06 52
chr12 71768501 71769000 20 60 5.35 18.11 20 5.35 60
chr12 77844501 77845000 26 69 6.5 19.58 26 6.5 69
chr12 91320001 91320500 4 30 1.15 10.04 4 1.15 30
chr12 1.03E+08 1.03E+08 0 20 0 6.12 0 0 20
chr12 1.09E+08 1.09E+08 46 11 11.09 3.18 46 11.09 11
chr12 1.11E+08 1.11E+08 26 73 6.5 20.07 26 6.5 73
chr12 1.14E+08 1.14E+08 4 30 1.15 9.79 4 1.15 30
chr12 1.14E+08 1.14E+08 4 30 1.15 10.28 4 1.15 30
chr12 1.14E+08 1.14E+08 6 36 1.91 12.24 6 1.91 36
chr12 1.14E+08 1.14E+08 45 0 10.71 0 45 10.71 0
chr12 1.14E+08 1.14E+08 23 0 6.12 0 23 6.12 0
chr12 1.18E+08 1.18E+08 28 2 6.88 0.49 28 6.88 2
chr12 1.18E+08 1.18E+08 30 2 7.26 0.49 30 7.26 2
chr12 1.19E+08 1.19E+08 64 21 19.12 6.61 64 19.12 21
chr13 5177001 5177500 18 80 4.97 21.05 18 4.97 80
chr13 7129501 7130000 2 26 0.76 8.57 2 0.76 26
chr13 14658001 14658500 40 8 9.18 2.2 40 9.18 8
chr13 19206501 19207000 0 19 0 5.87 0 0 19
chr13 21908501 21909000 6 38 1.91 13.22 6 1.91 38
chr13 29163001 29163500 4 40 1.15 13.46 4 1.15 40
chr13 29163501 29164000 7 41 2.29 13.95 7 2.29 41
chr13 34195501 34196000 2 28 0.38 9.55 2 0.38 28
chr13 39148001 39148500 0 18 0 5.39 0 0 18
chr13 47622501 47623000 2 26 0.76 8.57 2 0.76 26
chr13 47835501 47836000 5 32 1.53 10.77 5 1.53 32
chr13 50814501 50815000 45 99 10.71 24.72 45 10.71 99
chr13 62194001 62194500 8 55 2.68 17.38 8 2.68 55
chr13 62397001 62397500 14 88 4.21 22.28 14 4.21 88
chr13 64750001 64750500 8 40 2.68 13.71 8 2.68 40
chr13 81225001 81225500 10 43 3.06 14.69 10 3.06 43
chr13 83276001 83276500 41 92 9.56 23.25 41 9.56 92
chr13 84246001 84246500 40 8 9.18 2.45 40 9.18 8
chr13 86489001 86489500 5 34 1.53 11.75 5 1.53 34
chr13 89297001 89297500 12 47 3.44 15.67 12 3.44 47
chr13 90583001 90583500 26 75 6.5 20.32 26 6.5 75
chr13 98071501 98072000 40 8 9.18 2.45 40 9.18 8
chr13 99203001 99203500 38 8 8.79 2.45 38 8.79 8
chr13 1.01E+08 1.01E+08 147 69 56.21 19.58 147 56.21 69
chr13 1.01E+08 1.01E+08 12 47 3.44 15.67 12 3.44 47
chr13 1.04E+08 1.04E+08 0 27 0 8.81 0 0 27
chr13 1.05E+08 1.05E+08 12 48 3.44 15.91 12 3.44 48
chr13 1.09E+08 1.09E+08 21 84 5.74 21.79 21 5.74 84
chr13 1.14E+08 1.14E+08 36 6 8.41 1.71 36 8.41 6
chr13 1.14E+08 1.14E+08 52 12 13.76 3.67 52 13.76 12
chr14 10255501 10256000 18 62 4.97 18.6 18 4.97 62
chr14 11328501 11329000 10 58 3.06 17.87 10 3.06 58
chr14 15170501 15171000 2 25 0.76 8.08 2 0.76 25
chr14 16295501 16296000 34 84 8.03 21.79 34 8.03 84
chr14 18977501 18978000 5 32 1.53 10.53 5 1.53 32
chr14 19697501 19698000 4 36 1.15 12.24 4 1.15 36
chr14 19698001 19698500 6 36 1.91 12.48 6 1.91 36
chr14 19844001 19844500 16 56 4.59 17.62 16 4.59 56
chr14 21025501 21026000 38 8 8.79 2.45 38 8.79 8
chr14 35200501 35201000 4 38 1.15 12.73 4 1.15 38
chr14 35522001 35522500 7 40 2.29 13.71 7 2.29 40
chr14 35522501 35523000 0 24 0 7.59 0 0 24
chr14 39356001 39356500 14 86 4.21 22.03 14 4.21 86
chr14 41658001 41658500 7 62 2.29 18.6 7 2.29 62
chr14 42915001 42915500 6 35 1.91 11.99 6 1.91 35
chr14 45639501 45640000 14 50 4.21 16.4 14 4.21 50
chr14 47608001 47608500 34 6 8.03 1.71 34 8.03 6
chr14 50628001 50628500 7 60 2.29 18.11 7 2.29 60
chr14 61369501 61370000 45 10 10.71 2.94 45 10.71 10
chr14 69728001 69728500 16 58 4.59 17.87 16 4.59 58
chr14 74455001 74455500 8 49 2.68 16.16 8 2.68 49
chr14 74841001 74841500 13 56 3.82 17.62 13 3.82 56
chr14 78739001 78739500 0 18 0 5.39 0 0 18
chr14 78739501 78740000 6 34 1.91 11.26 6 1.91 34
chr14 80199501 80200000 2 28 0.76 9.3 2 0.76 28
chr14 88314501 88315000 14 56 4.21 17.62 14 4.21 56
chr14 88439001 88439500 8 43 2.68 14.69 8 2.68 43
chr14 88774001 88774500 6 34 1.91 11.75 6 1.91 34
chr14 1.01E+08 1.01E+08 2 26 0.76 8.57 2 0.76 26
chr14 1.03E+08 1.03E+08 5 32 1.53 10.77 5 1.53 32
chr14 1.04E+08 1.04E+08 5 32 1.53 10.77 5 1.53 32
chr14 1.07E+08 1.07E+08 23 83 6.12 21.54 23 6.12 83
chr14 1.07E+08 1.07E+08 10 68 3.06 19.34 10 3.06 68
chr14 1.09E+08 1.09E+08 5 32 1.53 10.53 5 1.53 32
chr14 1.13E+08 1.13E+08 30 4 7.26 1.22 30 7.26 4
chr14 1.14E+08 1.14E+08 8 41 2.68 13.95 8 2.68 41
chr14 1.16E+08 1.16E+08 10 56 3.06 17.62 10 3.06 56
chr14 1.16E+08 1.16E+08 8 38 2.68 12.97 8 2.68 38
chr14 1.17E+08 1.17E+08 28 80 6.88 21.05 28 6.88 80
chr14 1.19E+08 1.19E+08 18 0 4.97 0.24 18 4.97 0
chr14 1.24E+08 1.24E+08 18 71 4.97 19.83 18 4.97 71
chr14 1.25E+08 1.25E+08 13 48 3.82 15.91 13 3.82 48
chr14 1.25E+08 1.25E+08 6 38 1.91 13.22 6 1.91 38
chr15 4622001 4622500 2 25 0.76 8.08 2 0.76 25
chr15 4808501 4809000 23 64 6.12 18.85 23 6.12 64
chr15 17093001 17093500 13 48 3.82 15.91 13 3.82 48
chr15 20279001 20279500 6 34 1.91 11.75 6 1.91 34
chr15 22628501 22629000 2 25 0.76 8.08 2 0.76 25
chr15 25755001 25755500 30 4 7.26 1.22 30 7.26 4
chr15 29913501 29914000 12 64 3.44 18.85 12 3.44 64
chr15 29972501 29973000 8 66 2.68 19.09 8 2.68 66
chr15 29973001 29973500 7 40 2.29 13.71 7 2.29 40
chr15 31534501 31535000 40 7 9.18 1.96 40 9.18 7
chr15 33199501 33200000 4 30 1.15 9.79 4 1.15 30
chr15 50463501 50464000 2 26 0.38 8.32 2 0.38 26
chr15 50880001 50880500 14 50 4.21 16.4 14 4.21 50
chr15 56518001 56518500 52 12 13.76 3.43 52 13.76 12
chr15 62959501 62960000 7 41 2.29 13.95 7 2.29 41
chr15 63404501 63405000 68 24 21.79 7.83 68 21.79 24
chr15 64534501 64535000 36 6 8.41 1.71 36 8.41 6
chr15 65202001 65202500 21 71 5.74 19.83 21 5.74 71
chr15 66277001 66277500 40 5 9.18 1.47 40 9.18 5
chr15 73710001 73710500 10 45 3.06 15.18 10 3.06 45
chr15 77175501 77176000 38 7 8.79 1.96 38 8.79 7
chr15 80795001 80795500 0 20 0 6.36 0 0 20
chr15 80795501 80796000 2 26 0.76 8.32 2 0.76 26
chr15 82427001 82427500 4 34 1.15 11.75 4 1.15 34
chr15 83024501 83025000 7 36 2.29 12.24 7 2.29 36
chr15 91738001 91738500 76 158 26 39.41 76 26 158
chr15 92281501 92282000 44 8 10.32 2.45 44 10.32 8
chr15 92559001 92559500 14 50 4.21 16.4 14 4.21 50
chr15 1.03E+08 1.03E+08 73 26 24.47 8.32 73 24.47 26
chr16 8461001 8461500 6 38 1.91 12.73 6 1.91 38
chr16 9070001 9070500 8 38 2.68 13.22 8 2.68 38
chr16 13105501 13106000 20 98 5.35 24.48 20 5.35 98
chr16 17614501 17615000 2 25 0.38 8.08 2 0.38 25
chr16 28294001 28294500 12 60 3.44 18.36 12 3.44 60
chr16 45063001 45063500 2 28 0.76 9.06 2 0.76 28
chr16 51252001 51252500 6 34 1.91 11.75 6 1.91 34
chr16 51252501 51253000 10 42 3.06 14.44 10 3.06 42
chr16 51951501 51952000 5 42 1.53 14.44 5 1.53 42
chr16 62546001 62546500 32 4 7.65 1.22 32 7.65 4
chr16 65791501 65792000 23 73 6.12 20.07 23 6.12 73
chr16 71791501 71792000 13 49 3.82 16.16 13 3.82 49
chr16 74777501 74778000 13 52 3.82 16.65 13 3.82 52
chr16 79733501 79734000 26 2 6.5 0.73 26 6.5 2
chr16 81036001 81036500 5 52 1.53 16.65 5 1.53 52
chr16 95310001 95310500 5 34 1.53 11.75 5 1.53 34
chr16 95731501 95732000 16 56 4.59 17.62 16 4.59 56
chr16 95732001 95732500 18 66 4.97 19.09 18 4.97 66
chr17 6934501 6935000 44 10 10.32 2.94 44 10.32 10
chr17 16531001 16531500 2 25 0.76 8.08 2 0.76 25
chr17 22840001 22840500 5 38 1.53 12.73 5 1.53 38
chr17 25766001 25766500 40 8 9.18 2.45 40 9.18 8
chr17 25766501 25767000 38 8 8.79 2.2 38 8.79 8
chr17 25788501 25789000 52 14 13.38 4.41 52 13.38 14
chr17 28646001 28646500 48 13 11.85 3.92 48 11.85 13
chr17 36206001 36206500 2 32 0.76 10.53 2 0.76 32
chr17 39980501 39981000 108 184 40.15 46.26 108 40.15 184
chr17 39981001 39981500 150 248 56.97 64.13 150 56.97 248
chr17 39981501 39982000 171 260 63.09 66.83 171 63.09 260
chr17 40278001 40278500 2 30 0.38 10.04 2 0.38 30
chr17 55313001 55313500 5 36 1.53 12.24 5 1.53 36
chr17 56562501 56563000 56 14 15.68 4.41 56 15.68 14
chr17 59184501 59185000 2 35 0.38 11.99 2 0.38 35
chr17 59185001 59185500 5 66 1.53 19.09 5 1.53 66
chr17 59185501 59186000 6 42 1.91 14.2 6 1.91 42
chr17 60449501 60450000 14 50 4.21 16.4 14 4.21 50
chr17 60558001 60558500 16 56 4.59 17.62 16 4.59 56
chr17 78875501 78876000 8 43 2.68 14.69 8 2.68 43
chr17 81644001 81644500 8 42 2.68 14.44 8 2.68 42
chr17 81644501 81645000 13 52 3.82 16.89 13 3.82 52
chr17 81645001 81645500 8 38 2.68 13.22 8 2.68 38
chr17 84526501 84527000 59 18 16.82 5.39 59 16.82 18
chr17 90216001 90216500 14 50 4.21 16.4 14 4.21 50
chr18 6668001 6668500 26 88 6.5 22.28 26 6.5 88
chr18 15889001 15889500 12 50 3.44 16.4 12 3.44 50
chr18 15889501 15890000 7 64 2.29 18.85 7 2.29 64
chr18 23563501 23564000 6 35 1.91 11.99 6 1.91 35
chr18 24735001 24735500 8 43 2.68 14.69 8 2.68 43
chr18 40310501 40311000 26 2 6.5 0.73 26 6.5 2
chr18 44693001 44693500 40 8 9.18 2.2 40 9.18 8
chr18 45183001 45183500 8 47 2.68 15.67 8 2.68 47
chr18 45184001 45184500 8 38 2.68 13.22 8 2.68 38
chr18 47903501 47904000 5 35 1.53 11.99 5 1.53 35
chr18 48376501 48377000 5 44 1.53 14.93 5 1.53 44
chr18 55466001 55466500 46 11 11.09 3.18 46 11.09 11
chr18 56989001 56989500 21 68 5.74 19.34 21 5.74 68
chr18 58482001 58482500 7 47 2.29 15.67 7 2.29 47
chr18 60693001 60693500 6 34 1.91 11.5 6 1.91 34
chr18 72933001 72933500 89 32 32.88 11.02 89 32.88 32
chr18 74132001 74132500 47 11 11.47 3.18 47 11.47 11
chr18 75302001 75302500 38 8 8.79 2.45 38 8.79 8
chr18 76266001 76266500 60 18 17.21 5.63 60 17.21 18
chr18 76523501 76524000 8 47 2.68 15.67 8 2.68 47
chr18 79921001 79921500 13 48 3.82 15.91 13 3.82 48
chr18 79921501 79922000 8 38 2.68 13.22 8 2.68 38
chr18 79922001 79922500 10 42 3.06 14.2 10 3.06 42
chr18 82863501 82864000 47 102 11.47 25.7 47 11.47 102
chr18 82864001 82864500 46 100 11.09 24.97 46 11.09 100
chr18 89539501 89540000 8 38 2.68 13.22 8 2.68 38
chr18 90599501 90600000 10 52 3.06 16.65 10 3.06 52
chr18 90665501 90666000 4 34 1.15 11.5 4 1.15 34
chr18 90666001 90666500 5 36 1.53 12.48 5 1.53 36
chr19 3227501 3228000 23 75 6.12 20.32 23 6.12 75
chr19 5317501 5318000 4 30 1.15 10.28 4 1.15 30
chr19 7988001 7988500 21 62 5.74 18.6 21 5.74 62
chr19 9627001 9627500 2 28 0.76 9.06 2 0.76 28
chr19 13284501 13285000 4 30 1.15 10.04 4 1.15 30
chr19 14003501 14004000 14 62 4.21 18.6 14 4.21 62
chr19 14004001 14004500 13 52 3.82 16.89 13 3.82 52
chr19 23015501 23016000 41 7 9.56 1.96 41 9.56 7
chr19 25648001 25648500 52 14 13.38 4.41 52 13.38 14
chr19 28230001 28230500 5 32 1.53 11.02 5 1.53 32
chr19 37697501 37698000 8 38 2.68 12.73 8 2.68 38
chr19 38453501 38454000 5 34 1.53 11.75 5 1.53 34
chr19 39461001 39461500 8 38 2.68 13.22 8 2.68 38
chr19 50626001 50626500 12 49 3.44 16.16 12 3.44 49
chr19 56058001 56058500 5 34 1.53 11.75 5 1.53 34
chr19 56563501 56564000 44 10 10.32 2.94 44 10.32 10
chrM 12001 12500 300 424 108.59 111.13 300 108.59 424
chrX 3492501 3493000 14 50 4.21 16.4 14 4.21 50
chrX 4149501 4150000 8 38 2.68 12.73 8 2.68 38
chrX 21707501 21708000 6 38 1.91 13.22 6 1.91 38
chrX 22458501 22459000 10 44 3.06 14.93 10 3.06 44
chrX 23552001 23552500 14 58 4.21 17.87 14 4.21 58
chrX 23833001 23833500 5 32 1.53 10.53 5 1.53 32
chrX 27072501 27073000 12 50 3.44 16.4 12 3.44 50
chrX 28035501 28036000 23 82 6.12 21.3 23 6.12 82
chrX 28456001 28456500 14 58 4.21 17.87 14 4.21 58
chrX 30260001 30260500 0 19 0 5.87 0 0 19
chrX 32439001 32439500 2 28 0.76 9.06 2 0.76 28
chrX 33400501 33401000 7 60 2.29 18.36 7 2.29 60
chrX 33401001 33401500 8 54 2.68 17.13 8 2.68 54
chrX 38308001 38308500 8 38 2.68 12.97 8 2.68 38
chrX 38308501 38309000 4 30 1.15 9.79 4 1.15 30
chrX 38533501 38534000 6 34 1.91 11.75 6 1.91 34
chrX 44778001 44778500 0 20 0 6.36 0 0 20
chrX 46779501 46780000 7 42 2.29 14.44 7 2.29 42
chrX 47303501 47304000 8 38 2.68 12.73 8 2.68 38
chrX 48624001 48624500 6 38 1.91 12.97 6 1.91 38
chrX 52854501 52855000 14 52 4.21 16.65 14 4.21 52
chrX 53335001 53335500 12 49 3.44 16.16 12 3.44 49
chrX 56537501 56538000 8 60 2.68 18.36 8 2.68 60
chrX 58511501 58512000 5 32 1.53 10.77 5 1.53 32
chrX 58693501 58694000 14 52 4.21 16.65 14 4.21 52
chrX 61742501 61743000 8 43 2.68 14.69 8 2.68 43
chrX 62143501 62144000 0 18 0 5.63 0 0 18
chrX 62660001 62660500 6 89 1.91 22.52 6 1.91 89
chrX 62793501 62794000 7 62 2.29 18.6 7 2.29 62
chrX 63228501 63229000 23 68 6.12 19.34 23 6.12 68
chrX 63862001 63862500 8 38 2.68 13.22 8 2.68 38
chrX 67517501 67518000 7 52 2.29 16.89 7 2.29 52
chrX 69994001 69994500 13 77 3.82 20.56 13 3.82 77
chrX 70552001 70552500 14 50 4.21 16.4 14 4.21 50
chrX 73520501 73521000 2 26 0.38 8.32 2 0.38 26
chrX 74588501 74589000 5 38 1.53 12.97 5 1.53 38
chrX 74589001 74589500 7 36 2.29 12.48 7 2.29 36
chrX 84067001 84067500 5 34 1.53 11.75 5 1.53 34
chrX 86128501 86129000 32 82 7.65 21.3 32 7.65 82
chrX 86138001 86138500 20 75 5.35 20.32 20 5.35 75
chrX 87629501 87630000 0 19 0 5.87 0 0 19
chrX 87630001 87630500 2 32 0.38 10.77 2 0.38 32
chrX 92939501 92940000 12 49 3.44 16.16 12 3.44 49
chrX 95161501 95162000 7 36 2.29 12.48 7 2.29 36
chrX 95162501 95163000 8 40 2.68 13.71 8 2.68 40
chrX 95171001 95171500 14 55 4.21 17.38 14 4.21 55
chrX 97303501 97304000 6 38 1.91 12.73 6 1.91 38
chrX 1.01E+08 1.01E+08 49 11 12.24 3.18 49 12.24 11
chrX 1.01E+08 1.01E+08 40 8 9.18 2.2 40 9.18 8
chrX 1.05E+08 1.05E+08 58 18 16.44 5.39 58 16.44 18
chrX 1.08E+08 1.08E+08 14 62 4.21 18.6 14 4.21 62
chrX 1.1E+08 1.1E+08 5 34 1.53 11.75 5 1.53 34
chrX 1.1E+08 1.1E+08 2 26 0.76 8.32 2 0.76 26
chrX 1.12E+08 1.12E+08 38 8 8.79 2.45 38 8.79 8
chrX 1.15E+08 1.15E+08 7 73 2.29 20.07 7 2.29 73
chrX 1.15E+08 1.15E+08 10 73 3.06 20.07 10 3.06 73
chrX 1.2E+08 1.2E+08 8 40 2.68 13.46 8 2.68 40
chrX 1.21E+08 1.21E+08 28 89 6.88 22.52 28 6.88 89
chrX 1.23E+08 1.23E+08 14 52 4.21 16.65 14 4.21 52
chrX 1.23E+08 1.23E+08 6 34 1.91 11.26 6 1.91 34
chrX 1.23E+08 1.23E+08 8 40 2.68 13.71 8 2.68 40
chrX 1.24E+08 1.24E+08 0 18 0 5.63 0 0 18
chrX 1.38E+08 1.38E+08 13 60 3.82 18.36 13 3.82 60
chrX 1.38E+08 1.38E+08 7 36 2.29 12.24 7 2.29 36
chrX 1.38E+08 1.38E+08 2 28 0.38 9.55 2 0.38 28
chrX 1.41E+08 1.41E+08 8 40 2.68 13.46 8 2.68 40
chrX 1.41E+08 1.41E+08 10 56 3.06 17.62 10 3.06 56
chrX 1.49E+08 1.49E+08 10 46 3.06 15.42 10 3.06 46
chrX 1.49E+08 1.49E+08 7 52 2.29 16.65 7 2.29 52
chrX 1.55E+08 1.55E+08 7 44 2.29 14.93 7 2.29 44
chrX 1.55E+08 1.55E+08 14 69 4.21 19.58 14 4.21 69
chrX 1.59E+08 1.59E+08 7 40 2.29 13.71 7 2.29 40
chrX 1.65E+08 1.65E+08 8 46 2.68 15.42 8 2.68 46
chrX 1.65E+08 1.65E+08 7 52 2.29 16.89 7 2.29 52
chrX 1.65E+08 1.65E+08 5 42 1.53 14.2 5 1.53 42
T22.rpkm.meanedgeR.logFCedgeR.logCPMedgeR.p.valueDistance to TSSNearest PromoterIDG ne Name
8.81 -3.70361 1.340874 1.65E-06 393250 NM_183028 Pcmtd1
14.2 -2.40445 2.05168 1.20E-06 611060 NM_027671 Sntg1
10.53 -2.9912 1.618531 1.98E-06 369065 NM_001160371A830018L16Rik
14.44 -2.40445 2.05168 1.20E-06 -56808 NM_177781 Trpa1
2.94 2.026498 2.093553 9.29E-06 20371 NM_0012432384930444P10Rik
11.75 -2.76527 1.722861 2.48E-06 130216 NR_045734 4930486I03Rik
15.18 -2.18626 2.179315 2.12E-06 130716 NR_045734 4930486I03Rik
15.18 -2.69315 2.104669 7.22E-08 24486 NM_172124 B3gat2
5.14 1.819521 2.571268 1.01E-06 -75154 NM_001013750Gm597
18.36 -1.92901 2.618811 2.54E-07 52043 NR_040602 4930521E06Rik
16.65 -2.39432 2.34172 5.97E-08 -34910 NM_0012561584933402D24Rik
15.67 -1.9888 2.273745 5.28E-06 -62788 NM_033563 Klf7
20.32 -1.73022 2.969309 9.15E-08 97155 NM_027010 Crygf
1.71 2.447924 1.74562 8.53E-06 -15623 NM_175291 Dock10
0.98 2.838531 1.53411 6.27E-06 415359 NM_172849 Nyap2
13.95 -3.03446 1.941229 4.55E-08 20969 NM_001003948Pid1
23.01 -2.51298 3.08018 7.41E-14 20469 NM_001003948Pid1
20.56 -1.76813 2.997458 3.83E-08 122634 NM_030194 Sp110
21.79 -2.09392 3.05278 1.12E-10 14668 NM_007432 Akp3
20.07 -2.40244 2.805956 5.56E-11 -23624 NR_106129 Mir7669
15.91 -1.90477 2.318735 7.90E-06 -17494 NM_028718 Traf3ip1
13.46 -2.99895 1.91198 8.12E-08 -35585 NR_102306 D830032E09Rik
16.4 -1.8576 2.383832 7.30E-06 497415 NR_102307 D830032E09Rik
8.32 -7.72261 1.203809 3.03E-08 168244 NM_001081316Dsel
16.89 -2.01997 2.405267 1.21E-06 204037 NM_001077425Cntnap5a
18.36 -2.12004 2.582637 4.02E-08 204537 NM_001077425Cntnap5a
14.2 -2.08701 2.103717 9.29E-06 213958 NM_011650 Tsn
0.24 7.16485 0.746249 7.69E-06 -37055 NM_001081125Gli2
17.13 -1.77733 2.505826 6.07E-06 115769 NR_038008 B230209K01Rik
17.13 -2.76608 2.342295 1.80E-09 116269 NR_038008 B230209K01Rik
3.18 2.052409 2.240099 2.10E-06 77547 NR_015606 Ppp1r12b
16.4 -1.96352 2.362648 3.12E-06 -317726 NM_030676 Nr5a2
1.71 2.53009 1.809516 2.89E-06 785934 NM_001145807Brinp3
12.73 -2.2605 1.940214 9.45E-06 664663 NM_008869 Pla2g4a
16.89 -2.13429 2.384396 4.75E-07 664163 NM_008869 Pla2g4a
18.11 -1.76034 2.654094 1.33E-06 449163 NM_008869 Pla2g4a
1.47 2.705143 1.712208 2.48E-06 -44796 NM_024458 Pdc
16.89 -2.39432 2.34172 5.97E-08 -70549 NM_001038621Rabgap1l
14.44 1.275142 3.515157 8.09E-07 -77265 NM_009721 Atp1b1
8.81 1.585263 3.118651 1.36E-07 -77765 NM_009721 Atp1b1
20.56 -1.48574 3.064502 1.33E-06 -87775 NM_172844 Fmo9
5.39 -7.19513 0.755101 7.69E-06 8610 NR_037988 Gm16701
2.2 2.309367 2.013789 2.02E-06 3703 NM_001160261Fam78b
18.11 -1.76034 2.654094 1.33E-06 -7308 NM_176916 Pld5
13.71 -2.33427 1.997019 3.39E-06 21139 NM_007853 Degs1
4.65 1.819521 2.571268 1.01E-06 -31323 NM_145515 Mark1
6.12 1.685841 2.777756 1.08E-06 -31823 NM_145515 Mark1
24.72 -1.10319 3.524306 9.94E-06 -26845 NR_030669 1700034H15Rik
24.72 -1.16575 3.505146 3.78E-06 -27345 NR_030669 1700034H15Rik
10.53 -2.67813 1.653901 7.56E-06 -30345 NR_030669 1700034H15Rik
18.85 -1.63231 2.772112 2.26E-06 -181342 NM_007758 Cr2
2.45 2.200092 1.93005 9.45E-06 -41549 NM_001177844Frmd4a
2.2 2.309367 2.013789 2.02E-06 -41049 NM_001177844Frmd4a
4.16 1.796963 2.373669 7.30E-06 -1119 NM_026045 Prpf18
4.16 1.960072 2.495127 4.49E-07 -232122 NR_040353 E030013I19Rik
17.38 -2.47505 2.406105 1.24E-08 -222164 NM_024185 Fam188a
20.07 -1.82179 2.911754 4.56E-08 -72104 NM_145838 St8sia6
12.24 -2.37221 1.850944 9.15E-06 94211 NM_001081006Etl4
1.47 2.618014 1.643738 7.56E-06 -34210 NM_001005420Ppp1r26
14.2 -2.08701 2.103717 9.29E-06 -557893 NM_024209 Ppp6c
10.53 -2.9912 1.618531 1.98E-06 672337 NR_105754 Mir6336
10.04 -3.85496 1.466804 2.51E-07 1033626 NR_040497 1700019E08Rik
15.67 -1.9888 2.273745 5.28E-06 1313126 NR_040497 1700019E08Rik
8.32 -3.64942 1.29634 3.07E-06 -1171878 NM_007396 Acvr2a
14.2 -3.06913 1.9699 2.54E-08 316712 NM_023396 Rprm
12.73 -2.44995 1.911295 3.20E-06 316212 NM_023396 Rprm
14.69 -2.12086 2.129357 5.70E-06 -37983 NR_108098 4930440I19Rik
17.62 -1.82968 2.544476 2.49E-06 -37483 NR_108098 4930440I19Rik
17.38 -2.79249 2.364071 1.03E-09 323830 NM_001190179Nup35
16.16 -2.81568 2.204575 7.78E-09 324330 NM_001190179Nup35
2.2 2.273854 1.986414 3.39E-06 6098 NM_199223 Rtn4rl2
14.2 -2.81203 1.997682 1.04E-07 2170 NM_147021 Olfr1055
16.4 -2.65531 2.251757 1.64E-08 8602 NM_146730 Olfr1095
3.43 2.101109 2.394077 2.90E-07 60887 NM_023850 Chst1
13.22 -3.23825 1.820861 5.81E-08 -8026 NM_010163 Ext2
8.08 -7.6663 1.154759 6.05E-08 -366947 NM_007466 Api5
18.11 -3.32533 2.428053 2.93E-12 1164920 NM_178725 Lrrc4c
0.24 7.385805 0.930179 9.64E-07 23670 NR_040332 A930006I01Rik
16.16 -2.3088 2.274336 2.81E-07 -6088 NM_001165935Aven
17.13 -2.07429 2.446667 4.65E-07 -21044 NR_040614 4930533B01Rik
8.08 -3.59311 1.250391 5.72E-06 -79039 NM_178382 Flrt3
16.4 -1.96352 2.362648 3.12E-06 -79539 NM_178382 Flrt3
12.73 -2.2605 1.940214 9.45E-06 62770 NM_001097977Gm14151
19.83 -2.58268 2.741319 1.52E-11 14945 NM_015770 a
20.81 -3.29558 2.791354 9.48E-16 -308826 NR_040498 4933416E03Rik
19.09 -1.67662 2.804329 9.70E-07 66132 NM_021464 Ptprt
11.02 1.457821 3.263261 2.33E-07 -5443 NM_009036 Rbpjl
10.28 1.433917 3.156524 9.97E-07 221482 NR_040326 1700017J07Rik
5.14 1.769007 2.533962 2.49E-06 221982 NR_040326 1700017J07Rik
6.85 1.549143 2.809778 4.55E-06 32679 NM_019806 Vapb
2.2 2.273854 1.986414 3.39E-06 33179 NM_019806 Vapb
16.65 -1.91404 2.425838 2.92E-06 -245279 NM_013920 Hnf4g
6.85 -7.48284 0.996771 4.82E-07 -175779 NM_013920 Hnf4g
17.13 -1.77733 2.505826 6.07E-06 -405457 NR_045272 1110015O18Rik
16.89 -2.13429 2.384396 4.75E-07 316192 NM_027048 1700008P02Rik
15.18 -2.18626 2.179315 2.12E-06 313692 NM_027048 1700008P02Rik
18.6 -2.96496 2.507963 1.11E-11 313192 NM_027048 1700008P02Rik
15.91 -3.26124 2.130928 7.41E-10 91606 NM_025434 Mrps28
15.67 -3.23095 2.105304 1.34E-09 91106 NM_025434 Mrps28
2.45 2.474895 2.14335 1.43E-07 -58827 NR_015499 C030034L19Rik
10.77 -2.67813 1.653901 7.56E-06 -436621 NM_001127191Snx16
14.44 -3.38219 1.941568 5.28E-09 308568 NM_001145919Ythdf3
16.4 -2.07784 2.341145 1.26E-06 395568 NM_001145919Ythdf3
0.98 2.931262 1.607859 1.98E-06 -793670 NR_033490 2610100L16Rik
18.6 -1.65655 2.722642 2.54E-06 -55670 NR_033490 2610100L16Rik
17.38 -2.47505 2.406105 1.24E-08 -825152 NM_175086 Agtr1b
17.62 -1.82968 2.544476 2.49E-06 -385823 NM_030732 Tbl1xr1
23.74 -1.58129 3.319236 2.14E-08 130525 NM_007900 Ect2
3.43 1.958509 2.286008 3.29E-06 186334 NR_040748 Gm6639
8.57 -3.64942 1.29634 3.07E-06 582211 NM_027271 D3Ertd751e
10.28 -2.89846 1.544274 6.27E-06 1815211 NM_027271 D3Ertd751e
2.2 2.309367 2.013789 2.02E-06 710931 NR_045172 2610316D01Rik
17.13 -1.96836 2.466659 1.15E-06 306112 NM_001101479Pabpc4l
12.73 -2.2605 1.940214 9.45E-06 -261118 NM_009834 Ccrn4l
17.62 -2.24096 2.467203 6.51E-08 -188128 NM_030595 Nbea
14.93 -2.15393 2.154551 3.48E-06 32383 NM_153386 Clrn1
11.26 -2.76527 1.722861 2.48E-06 -161457 NM_001101531Gm5538
8.08 -3.59311 1.250391 5.72E-06 27552 NM_001081295Arhgef26
11.5 -2.76527 1.722861 2.48E-06 86186 NM_010597 Kcnab1
12.24 -2.59034 1.820152 2.89E-06 86686 NM_010597 Kcnab1
15.91 -2.27913 2.251159 4.68E-07 -338992 NM_145820 Veph1
22.76 -1.27161 3.340313 2.16E-06 111657 NM_025822 Rsrc1
8.08 -3.59311 1.250391 5.72E-06 -111268 NM_010801 Mlf1
18.11 -2.12004 2.582637 4.02E-08 -44869 NM_020026 B3galnt1
13.22 -2.92518 1.851644 2.57E-07 679537 NM_001081137Sis
9.79 -3.85496 1.466804 2.51E-07 -200052 NR_040450 Gm20356
8.32 -3.64942 1.29634 3.07E-06 1114746 NM_001253719Fstl5
14.69 -2.12086 2.129357 5.70E-06 328046 NM_001099624Rapgef2
10.53 -2.67813 1.653901 7.56E-06 -46244 NM_001205099Npy2r
2.45 2.200092 1.93005 9.45E-06 -5020 NM_025393 S100a14
17.62 -2.02071 2.50636 4.49E-07 -5524 NM_0011014619130204L05Rik
18.85 -1.70226 2.755969 1.08E-06 -8524 NM_0011014619130204L05Rik
17.87 -1.71153 2.618303 3.18E-06 -9024 NM_0011014619130204L05Rik
10.53 -3.9477 1.545056 7.09E-08 -36920 NM_133698 Hrnr
13.46 -2.33427 1.997019 3.39E-06 -29420 NM_133698 Hrnr
11.26 -2.76527 1.722861 2.48E-06 -28420 NM_133698 Hrnr
3.43 1.928216 2.263384 5.28E-06 55290 NM_010928 Notch2
10.53 -2.67813 1.653901 7.56E-06 30575 NM_175552 Wdr3
17.38 -1.99478 2.486645 7.22E-07 -17124 NM_009520 Wnt2b
12.73 -2.44995 1.911295 3.20E-06 -17624 NM_009520 Wnt2b
18.11 -2.22596 2.564201 1.48E-08 -47354 NM_145126 Chil4
19.58 -2.42721 2.724334 1.44E-10 -288204 NM_146140 Tram1l1
14.93 -2.15393 2.154551 3.48E-06 -217904 NM_001270430Gm5549
13.22 -2.92518 1.851644 2.57E-07 45115 NM_030143 Ddit4l
16.89 -2.39432 2.34172 5.97E-08 -58475 NM_009740 Bcl10
2.45 2.200092 1.93005 9.45E-06 21966 NM_027617 Spata1
4.41 1.796963 2.373669 7.30E-06 523348 NM_001081298Lphn2
20.32 -2.54729 2.822017 6.01E-12 -123259 NM_008966 Ptgfr
7.1 1.633875 2.870881 8.65E-07 25120 NM_001162375Fam73a
10.28 -2.89846 1.544274 6.27E-06 12620 NM_001162375Fam73a
2.2 2.273854 1.986414 3.39E-06 75346 NM_011372 St6galnac3
21.05 -1.34896 3.153978 4.83E-06 -96298 NM_177730 Impad1
13.46 -2.33427 1.997019 3.39E-06 175425 NM_173426 Fam110b
14.44 -2.08701 2.103717 9.29E-06 175925 NM_173426 Fam110b
5.39 -7.19513 0.755101 7.69E-06 63916 NR_040645 8430436N08Rik
7.59 -7.6077 1.103988 1.21E-07 389267 NM_001171801Triqk
6.85 -7.48284 0.996771 4.82E-07 389767 NM_001171801Triqk
20.07 -1.82179 2.911754 4.56E-08 -11326 NM_145947 Slc26a7
14.93 -2.15393 2.154551 3.48E-06 -302660 NM_009788 Calb1
15.42 -1.95786 2.250562 8.46E-06 -543878 NM_019724 Mmp16
11.26 -2.76527 1.722861 2.48E-06 -41600 NR_074090 Wwp1
19.58 -2.32128 2.74084 4.39E-10 303859 NM_001080771Prdm13
16.89 -2.39432 2.34172 5.97E-08 303359 NM_001080771Prdm13
4.9 1.769007 2.533962 2.49E-06 16778 NM_175234 Faxc
4.65 1.819521 2.571268 1.01E-06 17278 NM_175234 Faxc
18.85 -2.02193 2.689513 3.86E-08 -187831 NM_009316 Map3k7
21.3 -2.79015 2.913738 3.64E-14 -187331 NM_009316 Map3k7
18.36 -2.22596 2.564201 1.48E-08 -186831 NM_009316 Map3k7
16.16 -2.62623 2.228208 2.83E-08 -186331 NM_009316 Map3k7
15.91 -2.59656 2.204271 4.88E-08 -185831 NM_009316 Map3k7
2.94 2.093416 2.143973 3.48E-06 -31659 NM_001109661Bach2
24.72 -1.16575 3.505146 3.78E-06 -3483 NM_175364 Lyrm2
14.93 -2.15393 2.154551 3.48E-06 -159209 NM_026293 Spaca1
12.48 -2.37221 1.850944 9.15E-06 -43113 NM_001007589Akirin2
15.18 -2.18626 2.179315 2.12E-06 -9613 NM_001007589Akirin2
1.96 2.463365 1.958173 1.10E-06 246194 NM_175516 Lingo2
11.5 1.271294 3.21734 7.19E-06 4107 NM_172689 Ddx58
3.67 2.017251 2.330215 1.26E-06 20488 NM_019998 Alg2
16.89 -2.39432 2.34172 5.97E-08 79272 NM_145368 Acnat2
18.6 -1.80755 2.689022 5.47E-07 78772 NM_145368 Acnat2
11.5 -2.50817 1.755784 8.53E-06 20913 NM_146839 Olfr272
19.83 -1.65128 2.911312 5.05E-07 120834 NM_028053 Tmem38b
16.89 -1.91404 2.425838 2.92E-06 306046 NM_025271 Actl7b
11.5 -2.50817 1.755784 8.53E-06 98900 NM_001012323Mup20
10.28 -2.89846 1.544274 6.27E-06 -34357 NM_028326 Zfp618
14.44 -2.08701 2.103717 9.29E-06 138406 NM_021297 Tlr4
19.83 -2.84271 2.708122 1.12E-12 663680 NM_019967 Brinp1
19.09 -1.74657 2.788544 4.55E-07 345939 NM_025849 Tmem261
11.75 -2.50817 1.755784 8.53E-06 207939 NM_025849 Tmem261
0.49 3.795897 1.455571 2.51E-07 1217048 NM_011211 Ptprd
19.83 -2.36243 2.773764 1.57E-10 -14180 NM_001198811Frem1
21.54 -2.80761 2.928439 2.08E-14 -14680 NM_001198811Frem1
22.28 -1.6781 3.203913 1.50E-08 15302 NM_001081012Ccdc171
19.09 -2.25727 2.690004 2.02E-09 15802 NM_001081012Ccdc171
2.69 2.125746 2.168535 2.12E-06 -160568 NM_029967 Adamtsl1
11.02 -2.67813 1.653901 7.56E-06 -240576 NM_207685 Elavl2
20.81 -2.49786 2.883433 4.01E-12 -46947 NM_001113412Fggy
9.06 -3.75584 1.38408 8.82E-07 39876 NM_001033790B020004J07Rik
16.16 -2.04877 2.319025 2.04E-06 29252 NM_146148 C8a
4.16 1.796963 2.373669 7.30E-06 87252 NM_178143 Prkaa2
14.2 -2.08701 2.103717 9.29E-06 -12921 NM_023178 Dmap1
19.09 -1.54612 2.835386 3.98E-06 6299 NM_008191 Guca2b
23.25 -1.15934 3.404119 8.81E-06 -49278 NM_007902 Edn2
19.34 -1.58911 2.866236 1.76E-06 9555 NM_001005788Zfp69
3.92 1.95935 2.394357 1.21E-06 70075 NM_017475 Rragc
2.45 2.410944 2.092918 4.17E-07 -11888 NM_205823 Tlr12
3.67 1.897273 2.240399 8.46E-06 48453 NM_021358 Htr6
13.22 -2.2605 1.940214 9.45E-06 -351935 NM_001109685Kazn
5.39 -7.19513 0.755101 7.69E-06 39365 NM_001014397Gm13154
3.67 2.045749 2.351819 7.74E-07 13307 NR_040649 1700045H11Rik
3.67 1.988179 2.308281 2.04E-06 106500 NM_153424 Nphp4
4.16 1.853406 2.415305 2.92E-06 390102 NR_033138 Gm833
3.18 2.082702 2.263088 1.28E-06 -62247 NM_001112744Arhgef16
2.2 2.410944 2.092918 4.17E-07 -11888 NM_001042407Pex10
4.16 2.106599 2.607122 4.02E-08 -11388 NM_001042407Pex10
1.71 2.607827 1.870693 9.67E-07 52446 NM_020010 Cyp51
2.94 2.157367 2.192685 1.29E-06 51946 NM_020010 Cyp51
2.2 2.273854 1.986414 3.39E-06 224884 NM_001042670Mterf1b
12.73 -2.2605 1.940214 9.45E-06 -277373 NM_001163223Zfp804b
5.63 -7.19513 0.755101 7.69E-06 350383 NM_010427 Hgf
8.32 -3.64942 1.29634 3.07E-06 219915 NM_015823 Magi2
4.65 1.769007 2.533962 2.49E-06 209191 NM_172992 Phtf2
17.62 -2.12664 2.486915 1.76E-07 56166 NM_175437 Gsap
10.77 -2.67813 1.653901 7.56E-06 138772 NM_011261 Reln
5.87 -7.27261 0.819404 3.85E-06 393170 NR_105842 Mir6414
16.16 -3.03382 2.180546 1.91E-09 393670 NR_105842 Mir6414
20.07 -2.62269 2.774236 5.16E-12 -601472 NM_001163073Lcorl
16.16 -2.62623 2.228208 2.83E-08 -601972 NM_001163073Lcorl
12.24 -2.59034 1.820152 2.89E-06 -13143 NM_178804 Slit2
18.36 -1.92901 2.618811 2.54E-07 320484 NM_133911 Gpr125
6.61 1.571566 2.761949 5.19E-06 73780 NR_040413 5033403H07Rik
6.36 -7.34615 0.880973 1.93E-06 -427014 NR_046190 4930459L07Rik
19.34 -2.30026 2.724092 7.33E-10 -472514 NR_046190 4930459L07Rik
12.48 -2.37221 1.850944 9.15E-06 -743010 NR_040682 4933402J10Rik
18.6 -2.96496 2.507963 1.11E-11 -743510 NR_040682 4933402J10Rik
7.1 1.633875 2.870881 8.65E-07 74194 NR_030577 Mir574
10.77 1.425446 3.240298 5.06E-07 74694 NR_030577 Mir574
12.97 -2.2605 1.940214 9.45E-06 105677 NM_001018019Grxcr1
9.3 -3.75584 1.38408 8.82E-07 159193 NM_030052 Cox7b2
14.2 -3.06913 1.9699 2.54E-08 -16043 NM_001190734Dcun1d4
3.43 1.958509 2.286008 3.29E-06 10685 NM_177561 Usp46
8.32 1.414536 2.944648 8.45E-06 113400 NM_026878 Rasl11b
6.36 1.685841 2.777756 1.08E-06 85735 NM_021099 Kit
24.97 -1.14861 3.524466 4.44E-06 -19685 NM_025939 Paics
11.26 -2.76527 1.722861 2.48E-06 -16685 NM_025939 Paics
13.95 -2.55923 1.997351 6.42E-07 -16185 NM_025939 Paics
1.71 2.53009 1.809516 2.89E-06 -1600478 NR_027806 Pea15b
18.85 -1.50181 2.803864 8.88E-06 -236031 NM_153801 Tecrl
15.42 -2.72477 2.130299 4.16E-08 -19484 NM_0012526615830473C10Rik
18.6 -1.58659 2.739162 5.19E-06 -14731 NM_007568 Btc
15.91 -1.90477 2.318735 7.90E-06 -61290 NM_001200055AU018829
19.34 -1.94056 2.789013 3.54E-08 30863 NM_029947 Prdm8
10.53 -2.67813 1.653901 7.56E-06 -14294 NM_001077265Hnrnpd
9.79 -2.89846 1.544274 6.27E-06 124341 NM_029270 Arhgap24
0 7.315847 0.871445 1.93E-06 -16844 NM_001163486Hsd17b13
14.69 -2.62774 2.052004 2.17E-07 45375 NM_001104624Vmn2r13
2.94 2.125746 2.168535 2.12E-06 16824 NM_001104626Vmn2r15
5.39 1.699631 2.643598 3.18E-06 -131003 NR_045833 E130006D01Rik
2.69 2.125746 2.168535 2.12E-06 -58496 NM_001101546Tmem233
11.5 1.463668 3.351966 1.51E-07 -20017 NR_027838 Atp2a2
1.71 2.447924 1.74562 8.53E-06 12890 NR_105999 Mir7032
2.94 2.218603 2.2398 4.68E-07 -15204 NM_019536 Dnah10
2.94 2.188309 2.216435 7.77E-07 -14704 NM_019536 Dnah10
16.16 -2.62623 2.228208 2.83E-08 189963 NM_001190352Tmem132b
1.96 2.463365 1.958173 1.10E-06 291462 NM_177047 Auts2
17.38 -2.21502 2.446941 1.08E-07 -777367 NM_030719 Gatsl2
2.2 2.273854 1.986414 3.39E-06 83536 NM_174850 Micall2
1.96 2.311866 1.84078 9.15E-06 -118737 NM_177879 Sdk1
4.41 1.853406 2.415305 2.92E-06 49500 NM_153599 Cdk8
8.57 -3.64942 1.29634 3.07E-06 56748 NM_001102582Vmn2r18
13.46 -2.74185 1.940891 3.19E-07 -98268 NR_036696 Gm8579
5.63 -7.19513 0.755101 7.69E-06 67445 NM_130877 Peg10
1.96 2.311866 1.84078 9.15E-06 -1805 NM_011134 Pon1
12.24 -3.16051 1.75651 1.90E-07 -32378 NM_183308 Pon2
0.24 7.315847 0.871445 1.93E-06 643627 NR_033776 AA545190
18.11 -2.12004 2.582637 4.02E-08 35812 NM_028990 Tmem168
11.26 -3.07834 1.689164 6.17E-07 35312 NM_028990 Tmem168
12.73 -2.44995 1.911295 3.20E-06 67097 NM_145066 Gpr85
17.38 -1.99478 2.486645 7.22E-07 433182 NR_045995 1110019D14Rik
1.22 2.838531 1.53411 6.27E-06 -40477 NM_080464 Ppp1r3a
17.38 -2.79249 2.364071 1.03E-09 -229751 NM_001081306Ptprz1
13.46 -2.74185 1.940891 3.19E-07 -229251 NM_001081306Ptprz1
11.02 -2.67813 1.653901 7.56E-06 98841 NM_019481 Slc13a1
4.65 1.689756 2.476123 9.41E-06 51403 NM_019776 Snd1
14.93 -2.47137 2.104351 4.17E-07 426191 NM_001004357Cntnap2
12.24 -2.59034 1.820152 2.89E-06 -860947 NR_040287 A730020E08Rik
16.89 -2.13429 2.384396 4.75E-07 114874 NM_001164669Dnah6
17.13 -1.96836 2.466659 1.15E-06 -394960 NM_028880 Lrrtm1
19.58 -1.61013 2.881418 1.16E-06 -18822 NM_026860 Gkn3
13.46 -2.33427 1.997019 3.39E-06 2584 NM_053218 Vmn1r48
14.44 -2.59389 2.024935 3.73E-07 1584 NM_053218 Vmn1r48
4.16 1.82546 2.394637 4.63E-06 8993 NM_007992 Fbln2
22.28 -1.579 3.227502 6.20E-08 -75123 NM_001102670Kbtbd8
13.46 1.259696 3.436201 2.26E-06 -59643 NR_040525 1700049E22Rik
11.99 1.391664 3.341393 5.89E-07 -59143 NR_040525 1700049E22Rik
9.06 -3.75584 1.38408 8.82E-07 53023 NM_198612 Gxylt2
11.26 -2.50817 1.755784 8.53E-06 -12492 NR_027989 Gm9871
13.71 -2.74185 1.940891 3.19E-07 -114090 NM_008779 Cntn3
14.44 -2.40445 2.05168 1.20E-06 70881 NM_007697 Chl1
13.22 -8.26794 1.690651 7.54E-12 911 NR_040297 Gm19757
15.42 -2.72477 2.130299 4.16E-08 763116 NM_138677 Edem1
17.87 -3.05839 2.406943 4.55E-11 763616 NM_138677 Edem1
8.08 -3.59311 1.250391 5.72E-06 764116 NM_138677 Edem1
1.71 2.447924 1.74562 8.53E-06 -7070 NM_008188 Thumpd3
13.95 -2.55923 1.997351 6.42E-07 170198 NM_021704 Cxcl12
13.95 -2.36978 2.024608 2.02E-06 40353 NM_016718 Ninj2
3.92 1.844164 2.308572 7.90E-06 25600 NM_016970 Klrg1
4.16 1.796963 2.373669 7.30E-06 25100 NM_016970 Klrg1
19.34 -3.28742 2.602884 7.05E-14 139727 NM_001164035Ntf3
3.92 1.844164 2.308572 7.90E-06 -40266 NR_073373 D130058E03
19.58 -1.61013 2.881418 1.16E-06 -35884 NM_001014997Gm156
5.63 -7.19513 0.755101 7.69E-06 22707 NM_023898 Pde6h
18.6 -1.65655 2.722642 2.54E-06 -259039 NM_018779 Pde3a
19.09 -2.73755 2.620333 1.84E-11 -258539 NM_018779 Pde3a
14.44 -2.08701 2.103717 9.29E-06 21677 NR_033555 Gm10400
16.65 -2.13429 2.384396 4.75E-07 22177 NR_033555 Gm10400
15.67 -2.75571 2.155484 2.38E-08 153863 NR_040519 Sox5os3
4.41 1.853406 2.415305 2.92E-06 250994 NM_010586 Itpr2
3.67 1.928216 2.263384 5.28E-06 -39644 NM_008970 Pthlh
6.61 1.571566 2.761949 5.19E-06 -2555 NM_183405 Cox6b2
9.79 -2.89846 1.544274 6.27E-06 21163 NM_001167158Gm4133
6.12 1.728828 2.809316 4.55E-07 41335 NM_011860 Nlrp5
20.56 -1.76813 2.997458 3.83E-08 -7149 NM_198425 Eid2
23.25 -1.30327 3.362131 1.05E-06 -9194 NM_026961 2200002J24Rik
2.45 2.200092 1.93005 9.45E-06 17109 NM_146188 Kctd15
1.47 2.705143 1.712208 2.48E-06 2109 NM_146188 Kctd15
1.22 2.838531 1.53411 6.27E-06 39708 NM_026181 Gpatch1
10.53 -3.9477 1.545056 7.09E-08 55410 NM_001105057Vmn2r60
3.92 1.844164 2.308572 7.90E-06 10236 NM_178734 Zfp473
11.5 -2.50817 1.755784 8.53E-06 65604 NM_207538 Mrgprb5
23.74 -1.77313 3.274647 1.14E-09 64104 NM_207538 Mrgprb5
15.91 -2.59656 2.204271 4.88E-08 109636 NM_178705 Luzp2
8.32 -3.64942 1.29634 3.07E-06 12490 NM_008074 Gabrg3
15.18 -2.18626 2.179315 2.12E-06 466708 NM_008071 Gabrb3
16.16 -2.04877 2.319025 2.04E-06 -416321 NM_009728 Atp10a
21.05 -2.3433 2.942123 1.37E-11 225179 NM_009728 Atp10a
18.6 -2.64752 2.546051 1.66E-10 -629646 NM_001082962Snrpn
16.4 -2.07784 2.341145 1.26E-06 188161 NM_007390 Chrna7
17.87 -1.8802 2.58212 1.01E-06 -26470 NM_001039104Trpm1
16.89 -2.39432 2.34172 5.97E-08 98659 NM_007461 Apba2
19.83 -3.34959 2.656839 1.18E-14 99159 NM_007461 Apba2
0.73 3.888628 1.533329 7.09E-08 -122729 NR_045940 4930402F11Rik
16.89 -2.01997 2.405267 1.21E-06 -344270 NM_001024703Mctp2
14.93 -3.44912 1.998344 1.57E-09 -345270 NM_001024703Mctp2
11.26 -2.50817 1.755784 8.53E-06 -348270 NM_001024703Mctp2
12.24 -2.37221 1.850944 9.15E-06 352521 NM_001109753Sv2b
4.16 1.880821 2.435679 1.84E-06 -15022 NR_045744 Gm20744
3.67 1.928216 2.263384 5.28E-06 -14522 NR_045744 Gm20744
1.47 2.938807 1.899989 8.12E-08 -96167 NM_001277955Sh3gl3
8.57 -3.64942 1.29634 3.07E-06 -54213 NR_045098 Gm2115
16.4 -3.31999 2.180853 2.24E-10 -11224 NM_001105190Vmn2r79
20.32 -2.08167 2.897553 1.28E-09 -55655 NM_029614 Prss23
20.81 -1.78671 3.011329 2.47E-08 -226045 NM_011807 Dlg2
12.48 -2.37221 1.850944 9.15E-06 126463 NR_040319 A730082K24Rik
0.24 7.16485 0.746249 7.69E-06 -256742 NM_175645 Xylt1
11.5 -2.50817 1.755784 8.53E-06 -307302 NR_045907 3100003L05Rik
20.56 -2.5852 2.853165 2.05E-12 147874 NM_172255 Wdr11
15.91 -1.90477 2.318735 7.90E-06 124029 NM_007400 Adam12
1.96 2.311866 1.84078 9.15E-06 10881 NM_001033420Dock1
10.04 -2.89846 1.544274 6.27E-06 -25043 NM_008598 Mgmt
2.2 2.273854 1.986414 3.39E-06 -19474 NM_173744 Tdrp
3.67 2.045749 2.351819 7.74E-07 28259 NR_030708 6820431F20Rik
11.5 -2.50817 1.755784 8.53E-06 167618 NM_177086 Zmat4
0.24 7.516299 1.040905 2.41E-07 34476 NM_010084 Adam18
0.98 2.931262 1.607859 1.98E-06 33976 NM_010084 Adam18
16.89 -1.91404 2.425838 2.92E-06 28656 NM_008432 Kcnu1
8.32 -3.64942 1.29634 3.07E-06 66609 NM_027618 Poteg
9.06 -3.75584 1.38408 8.82E-07 113609 NM_027618 Poteg
15.42 -2.53532 2.155173 1.43E-07 -201753 NM_001177589Gm3985
13.46 -2.52371 1.96923 1.10E-06 -122689 NM_145841 Sgcz
14.44 -3.38219 1.941568 5.28E-09 -9279 NM_013522 Frg1
16.4 -2.65531 2.251757 1.64E-08 135089 NM_177742 Triml1
8.81 -3.70361 1.340874 1.65E-06 -85830 NM_153581 Gpm6a
1.71 2.717102 1.957838 1.83E-07 60111 NM_008252 Hmgb2
16.16 -3.29091 2.156106 4.08E-10 -442899 NM_144731 Galnt7
16.89 -2.39432 2.34172 5.97E-08 -443399 NM_144731 Galnt7
18.85 -1.70226 2.755969 1.08E-06 -224170 NM_011834 Aadat
17.62 -2.02071 2.50636 4.49E-07 -186670 NM_011834 Aadat
13.71 -2.52371 1.96923 1.10E-06 -177296 NM_010687 Large
12.48 -2.84744 1.788684 8.03E-07 -155322 NM_027837 Isx
18.11 -2.22596 2.564201 1.48E-08 424400 NM_172913 Tox3
15.42 -1.95786 2.250562 8.46E-06 423900 NM_172913 Tox3
1.96 2.463365 1.958173 1.10E-06 345900 NM_172913 Tox3
13.46 -2.74185 1.940891 3.19E-07 -4643 NM_021456 Ces1g
17.13 -1.96836 2.466659 1.15E-06 1235620 NM_001285913Cdh8
16.89 -2.39432 2.34172 5.97E-08 1576260 NM_009866 Cdh11
11.5 -4.03483 1.619293 1.99E-08 818760 NM_009866 Cdh11
19.34 -1.7196 2.835844 4.11E-07 775260 NM_009866 Cdh11
15.91 -1.90477 2.318735 7.90E-06 -12902 NM_026572 Gcsh
2.45 2.474895 2.14335 1.43E-07 -83015 NM_198671 Gse1
4.16 1.880821 2.435679 1.84E-06 65656 NM_174854 Disc1
3.67 1.928216 2.263384 5.28E-06 25085 NM_001164598Irf2bp2
3.43 2.045749 2.351819 7.74E-07 24585 NM_001164598Irf2bp2
11.99 -3.12001 1.723228 3.43E-07 61166 NM_027545 Cwf19l2
13.46 -3.31202 1.882473 1.76E-08 -387361 NM_027924 Pdgfd
10.04 -2.89846 1.544274 6.27E-06 -20725 NM_032007 Mmp1b
9.3 -3.75584 1.38408 8.82E-07 -22725 NM_032007 Mmp1b
12.24 -2.59034 1.820152 2.89E-06 -116582 NM_008829 Pgr
11.26 -2.50817 1.755784 8.53E-06 9126 NR_024025 Mtmr2
4.41 1.853406 2.415305 2.92E-06 -76076 NM_001080814Fat3
11.5 -2.50817 1.755784 8.53E-06 -148960 NM_025844 Chordc1
12.73 -2.92518 1.851644 2.57E-07 376569 NM_026189 Eepd1
15.91 -1.90477 2.318735 7.90E-06 -32970 NM_001195632Arhgap32
3.92 1.931404 2.373386 1.95E-06 34571 NM_010605 Kcnj5
15.67 -2.24883 2.227605 7.77E-07 345124 NM_001038642Ets1
20.07 -1.89175 2.897109 1.98E-08 345624 NM_001038642Ets1
20.07 -1.82179 2.911754 4.56E-08 463624 NM_001038642Ets1
4.16 1.853406 2.415305 2.92E-06 -208908 NM_021424 Pvrl1
4.65 1.716659 2.495662 6.07E-06 -1078 NR_106055 Mir7087
3.18 1.957516 2.168843 8.94E-06 -33573 NM_001243258Gm4791
3.18 1.957516 2.168843 8.94E-06 153730 NM_030069 Nxpe2
0 7.315847 0.871445 1.93E-06 67222 NM_001286553Ppp2r1b
15.18 -2.5037 2.129985 2.45E-07 -44143 NM_177769 Elmod1
13.95 -2.77737 1.969565 1.83E-07 -55874 NR_045805 Gldnos
3.43 2.045749 2.351819 7.74E-07 6938 NR_040464 9230112J17Rik
11.5 1.271294 3.21734 7.19E-06 6438 NR_040464 9230112J17Rik
11.26 -2.76527 1.722861 2.48E-06 -75848 NM_001253863Tcf12
12.97 -2.2605 1.940214 9.45E-06 283475 NM_198609 Rsl24d1
5.63 -7.19513 0.755101 7.69E-06 273398 NM_153098 Cd109
16.65 -2.13429 2.384396 4.75E-07 74438 NM_001081243Filip1
3.92 1.873834 2.330503 4.97E-06 5573 NM_153509 AF529169
13.46 -2.33427 1.997019 3.39E-06 -14180 NR_040756 1700034K08Rik
11.26 -2.76527 1.722861 2.48E-06 -46589 NM_001161362Ppp2r3a
18.11 -2.91775 2.46829 6.14E-11 60866 NM_172461 Nek11
0.73 4.057923 1.677265 5.55E-09 -15229 NM_026763 Col6a4
18.85 -2.21296 2.655093 5.54E-09 14966 NM_153100 Rtp3
21.79 -2.09392 3.05278 1.12E-10 14466 NM_153100 Rtp3
4.16 1.796963 2.373669 7.30E-06 276519 NR_040760 AU023762
16.65 -3.37643 2.229113 6.76E-11 86547 NR_106058 Mir7090
8.32 -3.64942 1.29634 3.07E-06 156773 NM_022027 Syne1
2.94 2.125746 2.168535 2.12E-06 7953 NM_011835 Katna1
19.58 -2.42721 2.724334 1.44E-10 -20992 NR_033630 Gm5177
13.71 -2.33427 1.997019 3.39E-06 594782 NM_011682 Utrn
17.38 -1.80374 2.52528 3.90E-06 39987 NR_106123 Mir7663
11.5 1.305191 3.24067 3.50E-06 50577 NM_013511 Epb4.1l2
2.2 2.309367 2.013789 2.02E-06 51077 NM_013511 Epb4.1l2
6.12 -7.34615 0.880973 1.93E-06 -207003 NM_008481 Lama2
12.97 -2.2605 1.940214 9.45E-06 66970 NM_001013411Nkain2
0.24 7.315847 0.871445 1.93E-06 565045 NM_010237 Frk
14.2 -2.59389 2.024935 3.73E-07 -985362 NM_001253355Hs3st5
14.93 -2.47137 2.104351 4.17E-07 -829862 NM_001253355Hs3st5
19.34 -3.09797 2.62084 3.44E-13 -829362 NM_001253355Hs3st5
24.72 -2.94726 3.157683 1.02E-17 -828862 NM_001253355Hs3st5
13.95 -2.36978 2.024608 2.02E-06 -828362 NM_001253355Hs3st5
12.73 -2.44995 1.911295 3.20E-06 -9413 NM_001277229Zbtb24
19.83 -2.84271 2.708122 1.12E-12 -98703 NM_019740 Foxo3
1.96 2.600455 2.066701 1.25E-07 21933 NM_172938 Scml4
11.02 -2.9912 1.618531 1.98E-06 138794 NM_011376 Sim1
17.13 -2.07429 2.446667 4.65E-07 139294 NM_011376 Sim1
3.18 1.989845 2.19299 5.53E-06 -210972 NM_001163833Msl3l2
1.22 2.838531 1.53411 6.27E-06 1539 NM_001017433Tbata
19.58 -2.80156 2.673643 3.45E-12 185561 NR_038039 1700023F02Rik
12.97 -2.66808 1.88178 9.67E-07 185061 NR_038039 1700023F02Rik
20.07 -1.51532 2.982813 1.77E-06 168561 NR_038039 1700023F02Rik
12.24 -2.59034 1.820152 2.89E-06 -198725 NM_010311 Gnaz
1.71 3.059052 2.238603 3.33E-10 44706 NM_030262 Pofut2
20.07 -1.82179 2.911754 4.56E-08 -25952 NM_001104537Vmn2r83
2.94 2.125746 2.168535 2.12E-06 3732 NM_001033473Odf3l2
2.2 2.200092 1.93005 9.45E-06 79612 NM_001255990Gm1553
2.45 2.200092 1.93005 9.45E-06 9641 NM_0011451981500009L16Rik
19.09 -1.89757 2.756444 8.93E-08 -70303 NR_033209 Gm4792
1.96 2.632785 2.0926 7.22E-08 -1251 NM_001168684Tmcc3
19.83 -1.78178 2.881866 1.11E-07 19541 NM_027945 Csl
20.32 -1.86072 2.941036 1.85E-08 65939 NM_001177567Otogl
1.22 2.838531 1.53411 6.27E-06 -38679 NM_029928 Ptprb
4.16 1.82546 2.394637 4.63E-06 -47305 NM_027468 Cpm
2.45 2.200092 1.93005 9.45E-06 116998 NR_027637 Gm4489
10.77 -2.67813 1.653901 7.56E-06 -46567 NM_176919 Ppm1h
13.46 -2.74185 1.940891 3.19E-07 215621 NR_028310 4930503E24Rik
21.05 -1.44169 3.129145 1.47E-06 8060 NM_146729 Olfr784
65.85 -0.84869 4.946181 1.63E-08 26721 NR_003518 Pisd-ps3
19.83 -1.65128 2.911312 5.05E-07 -12436 NM_023816 Ankrd36
27.17 -2.0796 3.406854 3.28E-13 89889 NM_008316 Hus1
21.3 -1.85875 3.065523 4.14E-09 89389 NM_008316 Hus1
19.83 -1.85174 2.866913 4.92E-08 -47288 NM_001282993Cobl
17.62 -2.12664 2.486915 1.76E-07 1052477 NR_045918 1700046C09Rik
12.97 -2.92518 1.851644 2.57E-07 782977 NR_045918 1700046C09Rik
25.21 -1.29382 3.495795 3.87E-07 -154873 NM_026576 Etaa1
11.5 -2.50817 1.755784 8.53E-06 395221 NM_001193271Meis1
12.24 -2.37221 1.850944 9.15E-06 -8790 NM_001035226Xpo1
11.75 -2.76527 1.722861 2.48E-06 -81029 NR_033491 Gm10466
10.77 -2.9912 1.618531 1.98E-06 -83190 NM_011491 Stc2
8.57 -3.64942 1.29634 3.07E-06 74611 NM_001024919Bod1
12.97 -2.2605 1.940214 9.45E-06 -49447 NM_011891 Sgcd
1.47 3.139848 2.066059 2.43E-09 3329 NM_153393 Col23a1
17.13 -2.44864 2.38496 2.09E-08 8688 NM_207693 Olfr322
3.43 1.928216 2.263384 5.28E-06 -3452 NM_009157 Map2k4
16.89 -2.01997 2.405267 1.21E-06 -7163 NR_033539 Gm12298
12.24 -2.37221 1.850944 9.15E-06 18382 NM_025818 1200014J11Rik
11.5 -2.50817 1.755784 8.53E-06 23444 NM_178309 Brip1
13.22 -2.92518 1.851644 2.57E-07 22944 NM_178309 Brip1
20.07 -1.69129 2.940601 2.16E-07 -75589 NM_026191 Dhx40
3.92 1.95935 2.394357 1.21E-06 -9794 NM_028859 1700106J16Rik
19.34 -1.94056 2.789013 3.54E-08 11009 NR_045955 Scpep1os
16.89 -2.71175 2.297734 5.46E-09 168746 NR_045956 4930405D11Rik
16.65 -2.39432 2.34172 5.97E-08 -504353 NM_028296 Car10
5.39 -7.19513 0.755101 7.69E-06 -10771 NM_001100614Gm11564
1.22 3.100556 1.744894 1.90E-07 -14083 NM_010791 Meox1
22.76 -1.43151 3.29639 3.77E-07 17221 NM_152813 Plcd3
24.23 -1.80346 3.297477 4.72E-10 16721 NM_152813 Plcd3
2.94 2.218603 2.2398 4.68E-07 28993 NM_198292 Tex2
8.08 -3.59311 1.250391 5.72E-06 -12663 NM_025323 0610009D07Rik
12.97 -3.23825 1.820861 5.81E-08 636943 NR_015579 2810032G03Rik
11.5 -2.50817 1.755784 8.53E-06 -28879 NM_177802 Slc7a15
12.24 -2.59034 1.820152 2.89E-06 154093 NM_029007 Fam84a
8.32 -3.64942 1.29634 3.07E-06 153593 NM_029007 Fam84a
9.79 -2.89846 1.544274 6.27E-06 259444 NR_045960 4930448C13Rik
17.38 -2.47505 2.406105 1.24E-08 258944 NR_045960 4930448C13Rik
19.09 -2.25727 2.690004 2.02E-09 -141556 NR_045960 4930448C13Rik
19.09 -2.25727 2.690004 2.02E-09 -142056 NR_045960 4930448C13Rik
20.56 -1.38664 3.090466 4.57E-06 174325 NM_015763 Lpin1
16.65 -2.13429 2.384396 4.75E-07 656889 NR_015521 1700030C10Rik
19.58 -1.74063 2.851348 2.66E-07 -572454 NM_011739 Ywhaq
13.22 -2.2605 1.940214 9.45E-06 -175881 NR_046278 4930480M12Rik
12.97 -2.2605 1.940214 9.45E-06 41223 NM_009417 Tpo
10.28 -2.89846 1.544274 6.27E-06 39597 NM_001162903Ccdc71l
6.12 -7.34615 0.880973 1.93E-06 40097 NM_001162903Ccdc71l
14.69 -2.12086 2.129357 5.70E-06 157597 NM_001162903Ccdc71l
12.73 -2.92518 1.851644 2.57E-07 -122457 NM_207531 Agr3
1.96 2.389603 1.900674 3.20E-06 122525 NM_178767 Agmo
8.32 -3.64942 1.29634 3.07E-06 -1455107 NM_010733 Lrrn3
10.28 -2.89846 1.544274 6.27E-06 538304 NM_013760 Dnajb9
5.63 -7.19513 0.755101 7.69E-06 252304 NM_013760 Dnajb9
12.73 -2.2605 1.940214 9.45E-06 248804 NM_013760 Dnajb9
19.58 -2.13025 2.773292 3.45E-09 773511 NM_021361 Nova1
1.71 2.447924 1.74562 8.53E-06 -42402 NR_045472 1810007C17Rik
2.69 2.157367 2.192685 1.29E-06 40110 NM_028133 Egln3
12.73 -2.2605 1.940214 9.45E-06 16898 NM_026998 Snx6
16.65 -2.01997 2.405267 1.21E-06 238632 NM_178714 Lrfn5
17.13 -1.96836 2.466659 1.15E-06 1355134 NM_001163271Fscb
17.38 -1.80374 2.52528 3.90E-06 1354634 NM_001163271Fscb
16.65 -2.39432 2.34172 5.97E-08 1122634 NM_001163271Fscb
18.11 -1.60934 2.68853 5.90E-06 -157750 NM_028127 Frmd6
19.58 -1.43417 2.925374 8.45E-06 -21809 NM_206534 Churc1
10.04 -2.89846 1.544274 6.27E-06 269328 NM_001252074Nrxn3
6.12 -7.34615 0.880973 1.93E-06 -6378 NM_172152 Slc24a4
3.18 2.021466 2.216738 3.41E-06 -81627 NM_021399 Bcl11b
20.07 -1.51532 2.982813 1.77E-06 186663 NR_037233 Mir3072
9.79 -2.89846 1.544274 6.27E-06 15885 NM_178911 Pld4
10.28 -2.89846 1.544274 6.27E-06 22885 NM_178911 Pld4
12.24 -2.59034 1.820152 2.89E-06 23385 NM_178911 Pld4
0 8.480733 1.898275 5.97E-14 39637 NM_153776 Tmem121
0 7.516299 1.040905 2.41E-07 40137 NM_153776 Tmem121
0.49 3.696793 1.373367 8.82E-07 -11539 NR_029563 Mir153
0.49 3.795897 1.455571 2.51E-07 -11039 NR_029563 Mir153
6.61 1.571566 2.761949 5.19E-06 71799 NM_175930 Rapgef5
21.05 -2.17463 2.97038 1.12E-10 -568841 NM_018859 Akr1e1
8.57 -3.64942 1.29634 3.07E-06 -481781 NM_019703 Pfkp
2.2 2.273854 1.986414 3.39E-06 -42758 NM_001081348Hecw1
5.87 -7.27261 0.819404 3.85E-06 166511 NM_175007 Amph
13.22 -2.66808 1.88178 9.67E-07 5098 NM_175657 Hist1h4n
13.46 -3.31202 1.882473 1.76E-08 55127 NR_045075 A330102I10Rik
13.95 -2.55923 1.997351 6.42E-07 55627 NR_045075 A330102I10Rik
9.55 -3.75584 1.38408 8.82E-07 9390 NR_046184 4930447K03Rik
5.39 -7.19513 0.755101 7.69E-06 -95507 NM_001170431Slc35b3
8.57 -3.64942 1.29634 3.07E-06 333379 NM_001170643Rnf144b
10.77 -2.67813 1.653901 7.56E-06 -170053 NR_045156 G630093K05Rik
24.72 -1.16575 3.505146 3.78E-06 21053 NM_001244649Gm8765
17.38 -2.79249 2.364071 1.03E-09 -36999 NM_001039239Zfp808
22.28 -2.67163 3.026945 1.84E-14 87283 NM_001162910Gm3604
13.71 -2.33427 1.997019 3.39E-06 -151151 NM_0011954351190003K10Rik
14.69 -2.12086 2.129357 5.70E-06 121916 NR_015587 9330111N05Rik
23.25 -1.194 3.393736 5.31E-06 -366782 NM_001170537Mef2c
2.45 2.273854 1.986414 3.39E-06 -115650 NR_029418 Tmem161b
11.75 -2.76527 1.722861 2.48E-06 -302851 NM_007749 Cox7c
15.67 -1.9888 2.273745 5.28E-06 336174 NM_001037987Edil3
20.32 -1.55425 3.0107 7.92E-07 353979 NM_025335 Tmem167
2.45 2.273854 1.986414 3.39E-06 60691 NM_007930 Enc1
2.45 2.200092 1.93005 9.45E-06 1769 NR_045498 2310005E17Rik
19.58 1.059314 4.068109 2.93E-07 -1113 NM_001081493Cartpt
15.67 -1.9888 2.273745 5.28E-06 13040 NM_010870 Naip5
8.81 -7.77681 1.251251 1.52E-08 -66679 NM_175171 Mast4
15.91 -2.01909 2.296562 3.29E-06 -76157 NM_021563 Erbb2ip
21.79 -2.02396 3.065931 2.86E-10 -41917 NM_001048250Smim15
1.71 2.53009 1.809516 2.89E-06 -10155 NM_027127 Gpx8
3.67 2.073695 2.373103 4.75E-07 -10655 NM_027127 Gpx8
18.6 -1.80755 2.689022 5.47E-07 -460858 NR_030680 Mnd1-ps
17.87 -2.55151 2.467746 2.50E-09 612142 NR_030680 Mnd1-ps
8.08 -3.59311 1.250391 5.72E-06 -8258 NM_008369 Il3ra
21.79 -1.33212 3.22675 3.50E-06 -24250 NM_146052 Lrrc3b
10.53 -2.67813 1.653901 7.56E-06 93869 NM_011584 Nr1d2
12.24 -3.16051 1.75651 1.90E-07 28390 NM_144839 Ube2e2
12.48 -2.59034 1.820152 2.89E-06 27890 NM_144839 Ube2e2
17.62 -1.82968 2.544476 2.49E-06 -118110 NM_144839 Ube2e2
2.45 2.200092 1.93005 9.45E-06 -24747 NM_021542 Kcnk5
12.73 -3.23825 1.820861 5.81E-08 12061 NM_153127 Mmrn2
13.71 -2.52371 1.96923 1.10E-06 35137 NM_001004436Wapal
7.59 -7.6077 1.103988 1.21E-07 35637 NM_001004436Wapal
22.03 -2.63851 2.999359 5.47E-14 -355339 NR_045713 Nrg3os
18.6 -3.1544 2.488532 4.42E-12 48003 NM_177816 Sh2d4b
11.99 -2.54984 1.788326 4.97E-06 -76396 NR_105055 LOC101056136
16.4 -1.8576 2.383832 7.30E-06 31965 NM_008964 Ptger2
1.71 2.447924 1.74562 8.53E-06 -12764 NM_001163433Samd4
18.11 -3.10719 2.448313 1.42E-11 26924 NM_146317 Olfr725
2.94 2.125746 2.168535 2.12E-06 -17220 NM_183175 C1qtnf9
17.87 -1.8802 2.58212 1.01E-06 -61608 NM_010920 Nkx2-6
16.16 -2.62623 2.228208 2.83E-08 -300083 NR_046059 4933402J15Rik
17.62 -2.12664 2.486915 1.76E-07 85917 NR_046059 4933402J15Rik
5.39 -7.19513 0.755101 7.69E-06 -31401 NM_011613 Tnfsf11
11.26 -2.50817 1.755784 8.53E-06 -31901 NM_011613 Tnfsf11
9.3 -3.75584 1.38408 8.82E-07 -28632 NM_021543 Pcdh8
17.62 -2.02071 2.50636 4.49E-07 498361 NM_001253755Tdrd3
14.69 -2.4383 2.078255 7.08E-07 431952 NM_178685 Pcdh20
11.75 -2.50817 1.755784 8.53E-06 96952 NM_178685 Pcdh20
8.57 -3.64942 1.29634 3.07E-06 462535 NM_029680 1700110M21Rik
10.77 -2.67813 1.653901 7.56E-06 413606 NM_201529 Lmo7
10.77 -2.67813 1.653901 7.56E-06 -44392 NR_045953 4930432J09Rik
21.54 -1.87621 3.07876 2.63E-09 -235514 NR_045938 1700128A07Rik
19.34 -2.78054 2.656091 6.04E-12 -236014 NR_045938 1700128A07Rik
10.53 -2.67813 1.653901 7.56E-06 -100295 NM_199065 Slitrk1
1.22 2.838531 1.53411 6.27E-06 714414 NM_198865 Slitrk5
13.95 -2.36978 2.024608 2.02E-06 -1292436 NR_045661 4930524C18Rik
17.62 -2.50099 2.426945 7.27E-09 129523 NR_045761 4930505G20Rik
12.97 -2.2605 1.940214 9.45E-06 -554977 NR_045761 4930505G20Rik
21.05 -1.5408 3.103875 4.05E-07 -691768 NM_001079844Gpc6
0.24 7.16485 0.746249 7.69E-06 20651 NR_045624 1700044C05Rik
19.83 -2.00273 2.836531 8.67E-09 -66474 NR_045145 AA536875
15.91 -1.90477 2.318735 7.90E-06 -222983 NM_010201 Fgf14
13.22 -2.66808 1.88178 9.67E-07 -223483 NM_010201 Fgf14
8.08 -3.59311 1.250391 5.72E-06 -54959 NM_016704 C6
18.85 -1.50181 2.803864 8.88E-06 -39986 NM_001166066Mroh2b
15.91 -1.90477 2.318735 7.90E-06 385395 NM_009869 Cdh9
11.75 -2.50817 1.755784 8.53E-06 317254 NM_022816 Acot10
8.08 -3.59311 1.250391 5.72E-06 15988 NM_001165971Gm5803
1.22 2.838531 1.53411 6.27E-06 -17802 NM_001034851Fam134b
18.85 -2.43321 2.619826 6.34E-10 -188597 NM_008729 Ctnnd2
19.09 -3.05498 2.584185 1.10E-12 -129597 NM_008729 Ctnnd2
13.71 -2.52371 1.96923 1.10E-06 -129097 NM_008729 Ctnnd2
1.96 2.463365 1.958173 1.10E-06 2880 NM_026546 Fam173b
9.79 -2.89846 1.544274 6.27E-06 135943 NR_033608 1700084J12Rik
8.32 -3.64942 1.29634 3.07E-06 256909 NR_035444 Mir1907
16.4 -1.8576 2.383832 7.30E-06 -158664 NM_032000 Trps1
3.43 2.073695 2.373103 4.75E-07 -3248 NR_002874 Has2os
13.95 -2.55923 1.997351 6.42E-07 351412 NR_045279 Gm20740
7.83 1.467272 2.87133 7.69E-06 -93588 NR_045279 Gm20740
1.71 2.53009 1.809516 2.89E-06 219107 NM_009623 Adcy8
19.83 -1.78178 2.881866 1.11E-07 -416352 NM_133766 Efr3a
1.47 2.938807 1.899989 8.12E-08 55221 NM_019457 Lrrc6
15.18 -2.18626 2.179315 2.12E-06 -40150 NM_001033365Mroh5
1.96 2.389603 1.900674 3.20E-06 -38268 NM_053104 Rbfox2
6.36 -7.34615 0.880973 1.93E-06 -12944 NM_134091 Sgsm3
8.32 -3.64942 1.29634 3.07E-06 -12444 NM_134091 Sgsm3
11.75 -3.07834 1.689164 6.17E-07 24086 NM_145474 Cyp2d34
12.24 -2.37221 1.850944 9.15E-06 -22113 NM_029787 Cyb5r3
39.41 -1.08508 4.190639 4.97E-08 69492 NM_198927 Smgc
2.45 2.410944 2.092918 4.17E-07 54510 NM_001164593Pdzrn4
16.4 -1.8576 2.383832 7.30E-06 131711 NM_001164594Pdzrn4
8.32 1.454543 2.972792 3.89E-06 -9642 NM_026192 Calcoco1
12.73 -2.66808 1.88178 9.67E-07 -9655 NM_146247 Mettl22
13.22 -2.2605 1.940214 9.45E-06 240058 NM_0010814001810013L24Rik
24.48 -2.31601 3.22938 1.07E-13 -4078 NM_015769 Ercc4
8.08 -3.59311 1.250391 5.72E-06 -4696 NM_001164610Smpd4
18.36 -2.34028 2.545526 8.53E-09 151910 NM_183064 Fgf12
9.06 -3.75584 1.38408 8.82E-07 -30915 NM_026439 Ccdc80
11.75 -2.50817 1.755784 8.53E-06 -519365 NR_028300 5330426P16Rik
14.44 -2.08701 2.103717 9.29E-06 -519865 NR_028300 5330426P16Rik
14.44 -3.06913 1.9699 2.54E-08 -79911 NM_001033238Cblb
1.22 2.931262 1.607859 1.98E-06 240291 NM_178925 Nsun3
20.07 -1.69129 2.940601 2.16E-07 -24127 NM_028572 Vgll3
16.16 -1.93445 2.340858 4.97E-06 541602 NR_040576 4930567J20Rik
16.65 -2.01997 2.405267 1.21E-06 -366594 NM_175549 Robo2
0.73 3.590376 1.286176 3.07E-06 -642409 NM_008941 Tmprss15
16.65 -3.37643 2.229113 6.76E-11 -164691 NM_001113208Ncam2
11.75 -2.76527 1.722861 2.48E-06 -90948 NM_010606 Kcnj6
17.62 -1.82968 2.544476 2.49E-06 20221 NM_133659 Erg
19.09 -1.89757 2.756444 8.93E-08 19721 NM_133659 Erg
2.94 2.093416 2.143973 3.48E-06 24572 NM_183368 Sytl3
8.08 -3.59311 1.250391 5.72E-06 -567701 NM_178615 Rgmb
12.73 -2.92518 1.851644 2.57E-07 102136 NM_001104575Vmn2r112
2.45 2.273854 1.986414 3.39E-06 50132 NR_045520 Lmf1
2.2 2.200092 1.93005 9.45E-06 50632 NR_045520 Lmf1
4.41 1.853406 2.415305 2.92E-06 -65366 NM_022422 Gng13
3.92 1.844164 2.308572 7.90E-06 -21555 NM_026290 Armc12
10.53 -3.9477 1.545056 7.09E-08 -10935 NM_001199967Gm11127
46.26 -0.79845 4.504233 5.36E-06 -106714 NM_001256051Esp38
64.13 -0.75537 4.945768 4.65E-07 -106214 NM_001256051Esp38
66.83 -0.63463 5.059066 8.84E-06 -105714 NM_001256051Esp38
10.04 -3.85496 1.466804 2.51E-07 67303 NM_031190 Pgk2
12.24 -2.84744 1.788684 8.03E-07 -271764 NM_172829 St6gal2
4.41 1.960072 2.495127 4.49E-07 -4419 NR_105943 Mir6977
11.99 -4.0765 1.655031 1.05E-08 -32006 NM_026497 Nudt12
19.09 -3.71966 2.528192 7.02E-15 -32506 NM_026497 Nudt12
14.2 -2.81203 1.997682 1.04E-07 -33006 NM_026497 Nudt12
16.4 -1.8576 2.383832 7.30E-06 -1297006 NM_026497 Nudt12
17.62 -1.82968 2.544476 2.49E-06 -1405506 NM_026497 Nudt12
14.69 -2.4383 2.078255 7.08E-07 -31652 NM_001197028Vit
14.44 -2.40445 2.05168 1.20E-06 -179826 NM_028138 Thumpd2
16.89 -2.01997 2.405267 1.21E-06 -180326 NM_028138 Thumpd2
13.22 -2.2605 1.940214 9.45E-06 -180826 NM_028138 Thumpd2
5.39 1.675435 2.625978 4.90E-06 48751 NR_045458 4933433H22Rik
16.4 -1.8576 2.383832 7.30E-06 437670 NR_045952 Gm4719
22.28 -1.78452 3.17993 3.26E-09 64620 NM_027598 4921524L21Rik
16.4 -2.07784 2.341145 1.26E-06 -12696 NM_199055 Chst9
18.85 -3.20012 2.527663 7.56E-13 -13196 NM_199055 Chst9
11.99 -2.54984 1.788326 4.97E-06 -10159 NM_010087 Dtna
14.69 -2.4383 2.078255 7.08E-07 27067 NM_139143 Slc39a6
0.73 3.590376 1.286176 3.07E-06 68302 NM_023311 Yipf5
2.2 2.273854 1.986414 3.39E-06 -128068 NR_026853 A930012L18Rik
15.67 -2.56627 2.17993 8.37E-08 194932 NM_001163013Ythdc2
13.22 -2.2605 1.940214 9.45E-06 195932 NM_001163013Ythdc2
11.99 -2.80694 1.756147 1.41E-06 -178744 NR_045404 G630055G22Rik
14.93 -3.13605 2.025591 7.88E-09 171762 NM_001025388Gm5506
3.18 2.021466 2.216738 3.41E-06 -316417 NM_175751 Zfp608
19.34 -1.7196 2.835844 4.11E-07 95951 NM_177115 3-Mar
15.67 -2.75571 2.155484 2.38E-08 -112671 NM_010181 Fbn2
11.5 -2.50817 1.755784 8.53E-06 7376 NM_026302 Dctn4
11.02 1.441725 3.251825 3.44E-07 -422528 NM_007831 Dcc
3.18 2.052409 2.240099 2.10E-06 -45310 NR_045390 D730045A05Rik
2.45 2.200092 1.93005 9.45E-06 123825 NM_027727 Dym
5.63 1.699631 2.643598 3.18E-06 -8126 NR_045365 2900057B20Rik
15.67 -2.56627 2.17993 8.37E-08 102976 NM_001252481Smad2
15.91 -1.90477 2.318735 7.90E-06 -322383 NM_053117 Pard6g
13.22 -2.2605 1.940214 9.45E-06 -321883 NM_053117 Pard6g
14.2 -2.08701 2.103717 9.29E-06 -321383 NM_053117 Pard6g
25.7 -1.1462 3.553047 3.74E-06 -1625 NM_177832 Zfp236
24.97 -1.14861 3.524466 4.44E-06 -2125 NM_177832 Zfp236
13.22 -2.2605 1.940214 9.45E-06 172932 NM_001039149Cd226
16.65 -2.39432 2.34172 5.97E-08 -79795 NM_198295 Tmx3
11.5 -3.07834 1.689164 6.17E-07 -13795 NM_198295 Tmx3
12.48 -2.84744 1.788684 8.03E-07 -13295 NM_198295 Tmx3
20.32 -1.73022 2.969309 9.15E-08 -30048 NR_045304 1700030N03Rik
10.28 -2.89846 1.544274 6.27E-06 -17990 NM_139301 Catsper1
18.6 -1.58659 2.739162 5.19E-06 52266 NM_134256 Slc22a27
9.06 -3.75584 1.38408 8.82E-07 6487 NR_073559 Stxbp3b
10.04 -2.89846 1.544274 6.27E-06 19592 NM_146693 Olfr1462
18.6 -2.16725 2.619318 1.50E-08 10239 NM_001011850Olfr1505
16.89 -2.01997 2.405267 1.21E-06 10739 NM_001011850Olfr1505
1.96 2.498878 1.986082 6.42E-07 190656 NR_029591 Mir204
4.41 1.853406 2.415305 2.92E-06 -36776 NM_177360 Dmrt3
11.02 -2.67813 1.653901 7.56E-06 -144595 NM_011265 Rfx3
12.73 -2.2605 1.940214 9.45E-06 -62419 NM_001105201Cyp26c1
11.75 -2.76527 1.722861 2.48E-06 -16719 NM_175507 Slc35g1
13.22 -2.2605 1.940214 9.45E-06 76314 NM_010002 Cyp2c38
16.16 -2.04877 2.319025 2.04E-06 126885 NM_001252501Sorcs1
11.75 -2.76527 1.722861 2.48E-06 88440 NM_001142924Tcf7l2
2.94 2.093416 2.143973 3.48E-06 27624 NM_172641 Plekhs1
111.13 -0.52941 5.8016 1.98E-06 NA NA
16.4 -1.8576 2.383832 7.30E-06 -29431 NM_001243015Gm2913
12.73 -2.2605 1.940214 9.45E-06 -70232 NR_040410 Gm5925
13.22 -2.66808 1.88178 9.67E-07 -330971 NR_033731 Ppp1r2-ps7
14.93 -2.15393 2.154551 3.48E-06 420029 NR_033731 Ppp1r2-ps7
17.87 -2.07123 2.545001 1.73E-07 82362 NM_001034864Gm4907
10.53 -2.67813 1.653901 7.56E-06 243038 NM_001100444Gm5934
16.4 -2.07784 2.341145 1.26E-06 -168500 NM_001102678Gm10096
21.3 -1.85875 3.065523 4.14E-09 -123610 NM_009529 Gm4836
17.87 -2.07123 2.545001 1.73E-07 -197310 NM_001109970Gm10486
5.87 -7.27261 0.819404 3.85E-06 14769 NM_001085553Gm10921
9.06 -3.75584 1.38408 8.82E-07 -168128 NM_001102678Gm10096
18.36 -3.10719 2.448313 1.42E-11 -28076 NM_001009947Dock11
17.13 -2.76608 2.342295 1.80E-09 -27576 NM_001009947Dock11
12.97 -2.2605 1.940214 9.45E-06 -446227 NM_016886 Gria3
9.79 -2.89846 1.544274 6.27E-06 -445727 NM_016886 Gria3
11.75 -2.50817 1.755784 8.53E-06 -220727 NM_016886 Gria3
6.36 -7.34615 0.880973 1.93E-06 467478 NM_053123 Smarca1
14.44 -2.59389 2.024935 3.73E-07 -43876 NM_001081123Arhgap36
12.73 -2.2605 1.940214 9.45E-06 59661 NM_146390 Olfr1323
12.97 -2.66808 1.88178 9.67E-07 -65242 NM_134163 Mbnl3
16.65 -1.91404 2.425838 2.92E-06 49978 NM_001220497Gm16404
16.16 -2.04877 2.319025 2.04E-06 -54498 NM_027510 3830403N18Rik
18.36 -2.91775 2.46829 6.14E-11 -150138 NM_010200 Fgf13
10.77 -2.67813 1.653901 7.56E-06 67283 NR_033502 C030023E24Rik
16.65 -1.91404 2.425838 2.92E-06 249283 NR_033502 C030023E24Rik
14.69 -2.4383 2.078255 7.08E-07 -212580 NM_178740 Slitrk4
5.63 -7.19513 0.755101 7.69E-06 -157068 NM_027302 Ctag2
22.52 -3.89321 2.929752 2.98E-20 359432 NM_027302 Ctag2
18.6 -3.1544 2.488532 4.42E-12 492932 NM_027302 Ctag2
19.34 -1.58911 2.866236 1.76E-06 -673742 NM_001161431Slitrk2
13.22 -2.2605 1.940214 9.45E-06 -40242 NM_001161431Slitrk2
16.89 -2.9012 2.275224 1.43E-09 100509 NM_010498 Ids
20.56 -2.5852 2.853165 2.05E-12 -76524 NM_020488 Gabrq
16.4 -1.8576 2.383832 7.30E-06 -16397 NM_031493 Xlr5c
8.32 -3.64942 1.29634 3.07E-06 11106 NM_001013760Gm4937
12.97 -2.92518 1.851644 2.57E-07 -167815 NM_020601 Tbl1x
12.48 -2.37221 1.850944 9.15E-06 -167315 NM_020601 Tbl1x
11.75 -2.76527 1.722861 2.48E-06 -466918 NR_036689 Gm41
21.3 -1.38453 3.178774 2.30E-06 -123859 NR_037313 Mir1906-2
20.32 -1.93067 2.926688 7.91E-09 -133359 NR_037313 Mir1906-2
5.87 -7.27261 0.819404 3.85E-06 -451560 NM_0010338804930415L06Rik
10.77 -3.9477 1.545056 7.09E-08 -452060 NM_0010338804930415L06Rik
16.16 -2.04877 2.319025 2.04E-06 -11151 NM_029590 1700010D01Rik
12.48 -2.37221 1.850944 9.15E-06 -183338 NM_013476 Ar
13.71 -2.33427 1.997019 3.39E-06 -182338 NM_013476 Ar
17.38 -1.99478 2.486645 7.22E-07 -173838 NM_013476 Ar
12.73 -2.66808 1.88178 9.67E-07 132806 NM_001177943Eda
3.18 2.112372 2.285714 7.83E-07 24395 NR_002844 Tsix
2.2 2.273854 1.986414 3.39E-06 24895 NR_002844 Tsix
5.39 1.650826 2.60814 7.52E-06 47330 NR_033580 4933401B06Rik
18.6 -2.16725 2.619318 1.50E-08 66447 NM_008901 Pou3f4
11.75 -2.76527 1.722861 2.48E-06 20137 NM_028655 Satl1
8.32 -3.64942 1.29634 3.07E-06 19637 NM_028655 Satl1
2.45 2.200092 1.93005 9.45E-06 -128870 NM_001276396Ube2dnl1
20.07 -3.3896 2.691722 3.54E-15 -572085 NM_001142750Tgif2lx2
20.07 -2.88272 2.741798 3.63E-13 -571585 NM_001142750Tgif2lx2
13.46 -2.33427 1.997019 3.39E-06 155583 NM_028426 3110007F17Rik
22.52 -1.69438 3.215945 9.81E-09 -148732 NM_001100616Vmn2r121
16.65 -1.91404 2.425838 2.92E-06 266646 NM_177705 4932411N23Rik
11.26 -2.50817 1.755784 8.53E-06 266146 NM_177705 4932411N23Rik
13.71 -2.33427 1.997019 3.39E-06 -5854 NM_177705 4932411N23Rik
5.63 -7.19513 0.755101 7.69E-06 -17074 NR_003646 4921511C20Rik
18.36 -2.22596 2.564201 1.48E-08 92289 NM_001163155Col4a5
12.24 -2.37221 1.850944 9.15E-06 92789 NM_001163155Col4a5
9.55 -3.75584 1.38408 8.82E-07 -173491 NM_010572 Irs4
13.46 -2.33427 1.997019 3.39E-06 -37487 NR_040271 A730046J19Rik
17.62 -2.50099 2.426945 7.27E-09 -36987 NR_040271 A730046J19Rik
15.42 -2.21789 2.203661 1.29E-06 70180 NR_045452 3010001F23Rik
16.65 -2.9012 2.275224 1.43E-09 70680 NR_045452 3010001F23Rik
14.93 -2.66081 2.078576 1.25E-07 -99709 NM_177751 Cnksr2
19.58 -2.32128 2.74084 4.39E-10 -244801 NM_148945 Rps6ka3
13.71 -2.52371 1.96923 1.10E-06 -25718 NM_178256 Reps2
15.42 -2.53532 2.155173 1.43E-07 81414 NM_001033330Frmpd4
16.89 -2.9012 2.275224 1.43E-09 80914 NM_001033330Frmpd4
14.2 -3.06913 1.9699 2.54E-08 80414 NM_001033330Frmpd4
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Figure S1 
Figure S1.  Differences in entrainment phase of animals housed in 
different day lengths, and aftereffects in peripheral tissues. (See also 
Fig 1) 
(a) Actograms of wheel running for representative PER2::LUC mice 
entrained to different day lengths of 22, 24, and 26 hours (T22, T24, T26). 
Yellow shading indicates the light phase. (b) Phase of activity onset (PAEon) 
and offset (PAEoff) during entrainment, relative to dawn or dusk. N=6-10. 
Bars represent mean+/-s.e.m. (c) Bar graphs showing relative phase and 
period of liver slices from PER2:luc mice entrained to T22, T24, and T26, 
and released into constant darkness for one week. Bars represent mean+/-
s.e.m.  n =8-20/group. 
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Figure S2 
Figure S2. Details of SCN reorganization by light:dark cycles. (See 
also Fig 1.) 
(a) Cycle length reorganizes the entire SCN network along its 
rostrocaudal extent. (b) Relative intensity (top) and phase of peak 
bioluminescence (bottom) of SCN slices from mice entrained to different 
day lengths. n = 9-10/group. 
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Figure S3 
a 
b 
Figure S3. Correlations between phase and period in vivo and in vitro. (See 
also Fig 1.) 
(a) Correlations between free-running behavioral period and the period of dorsal and 
ventral regions in SCN slices from the same animals. dSCN: R2 = 0.63, p < 0.0001; 
vSCN: R2 = 0.33, p < 0.005 (b) Correlations between time of activity onset and peak 
time of SCN subregions. dSCN: R2 = 0.21, p < 0.05; vSCN: R2 = 0.59, p < 0.0001.  
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Figure S4.  Further bioinformatics information.  (See also Figs 2,3.) 
(a) Clustergram showing genes that are related to the top 10 GO terms 
associated with molecular function of differentially methylation regions in the 
ventral and dorsal SCN of the T-cycle mice. Numbers shows the top 10 Go 
terms presented in Figure 3. red cells indicate genes that are associated with 
the GO term.  See also Figs 2,3. 
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Table	S1,	related	to	Figure	2.		Results	supplied	as	a	separate	Excel	file	showing	a	list	of	differentially	methylated	regions	(DMRs)	in	SCN	subregions	of	mice	entrained	to	different	light:dark	cycles.				Abbreviations:	Chr,	chromosome;	RPKM,	reads	per	kilobase	per	million	mapped	reads;	edgeR.logFC,	log2	fold	change	calculated	using	the	EdgeR	method;	edgeR.p.value,	the	p-value	threshold	as	calculated	by	the	EdgeR	method.	 	
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SUPPLEMENTARY METHODS 
Animals:  
Homozygous PERIOD2::luciferase (PER2::LUC) knock-in mice, generated 
on a C57Bl/6 background (RRID:MGI:3042019), were bred and raised under a 
24h light: dark (LD) cycle with 12h of light and 12h of darkness (LD12:12). After 
weaning, mice were group-housed in cages without running wheels. Ambient 
temperature was maintained at 22C, and mice had ad libitum access to water 
and food. All animal experiments were conducted in accordance with applicable 
veterinary law of the Zurich cantonal veterinary office and the NIH Guide for the 
Care and Use of Animals. Experiments were approved by the Zurich cantonal 
veterinary office and Institutional Animal Care and Use Committee of Morehouse 
School of Medicine. 
 
SCN Cultures:  
Male PER2::LUC mice were sacrificed with CO2 asphyxiation and cervical 
dislocation. Brains were removed, bathed in chilled Hank’s balanced salt 
solution, and sectioned in the coronal plane with a motorized vibratome 
(Campden Instruments, Lafayette, IN or LEICA VT12002). 
 
Additional information about data analysis: 
Phase angle of entrainment (PAE) was quantified as the difference 
between the time of lights-off and average activity onset (PAEon) or the 
difference between the time of lights-on and average activity offset (PAEoff). 
Activity duration was calculated as the difference between average activity offset 
and onset.  To assess aftereffects on free-running rhythmicity, period was 
determined from a linear regression fit to the time of activity onset on five 
consecutive days under DD, excluding the first day after release.  For 
bioluminometry, peak time was defined as the apex of the PER2::LUC rhythm for 
each of the first 3-6 cycles in vitro. A damped sine wave was fit to the PER2::LUC 
record of each sample, which was used to extract period, amplitude, damping, 
and goodness of fit (% variance from the fitted curve).   For image analysis, SCN 
phase maps were generated for each 12-pixel diameter ROI judged to exhibit a 
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significant circadian rhythm. For composite phase maps, a representative slice 
set was selected to which other slice sets were aligned. As in (Sellix et al., 2012) 
both lobes were superimposed by mirroring the right lobe onto the left. To locate 
and extract data from cell-like ROIs, an iterative process was employed after 
background and local noise subtraction as in (Evans et al., 2011; Sellix et al., 
2012). The average of cell-like ROIs within each region was calculated for each 
animal to avoid spurious results caused by the large number of cells obtained 
within each region (average cell-like ROIs/region = 73). 
 
Methyl-DNA immunoprecipitation: 
Six-week-old wild-type mice (C57BL/6Cr1) were entrained to the 
indicated light:dark cycle length. After 6 weeks, we recorded wheel-running 
behavior in constant darkness. After 3 days in DD, we used Clocklab software to 
predict time of activity onset for each mouse. Brains were isolated at CT4 and 
then sliced immediately using vibratome, one coronal SCN slice of ~250μM was 
collected from the middle part of the SCN. Using ophthalmic knife vSCN and 
dSCN sub-regions were separated.  To get enough DNA, a pool of vSCN and dSCN 
was prepared twice from 5 mice from each T-cycle.   
Genomic DNA was extracted from SCN slices by overnight Proteinase K 
digestion, followed by phenol-chloroform and ethanol precipitation. After RNase 
treatment, genomic DNA was sonicated to generate small fragments (average of 
300bp), using a Covaris sonicator (BioRuptor). DNA immunoprecipitation was 
performed using Epiquik™ MeDIP Ultra Kit (Cat# P-1052-24, EPIGENTEK™), 
following manufacturer's instructions. The methylated enriched DNA was then 
used for library preparation using Accel-NGS™ DNA Library Kits (Swift 
Biosciences), following manufacturer's instructions. Quality check, library 
preparation and sequencing were performed by Fasteris (CH).  
 
MeDIP-seq data analysis: 
13-21 x 106 reads were obtained from each meDIP library. Quality control 
was performed on the fasta raw sequence data using FastQC 
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). MeDIP-seq data 
were aligned to the mm9 mouse genome build using the Burrows-Wheeler 
Page 10
  
Alignment tool (BWA) (Li and Durbin, 2009). Mapped reads were than analyzed 
using the MEDIPS package (Lienhard et al., 2014). Methylation score was 
calculated for each region of 500bp across the genome.  CpG density-dependent 
normalization was incorporated.  Pairwise correlation analysis of the genome 
wide coverage profile between MEDIP replicate samples was performed using 
the MEDIPS.correlation function. Pearson correlation coefficient r varied 
between 0.85 and 0.92, indicating good reproducibility of MEDIP-seq signal. 
Differential methylation analysis was performed using MEDIPS in 500bp widows 
excluding regions with less than 8 unique mapped reads. DMR were than 
identified by filtering for a widows associated with a p ≤0.001. DMR were than 
mapped using the web based chip-seq tool “ChIPseek”  (Chen et al., 2014). For 
the correlation analysis of the methylation profiles between the SCN sub-regions, 
wiggle file of 500bp widows across genome were first generated using MEDISP.  
Then, correlation and clustering were performed using the “Multiple wiggle files 
correlation in a given regions” (version 1.0.0) of the online Cistrome-Galaxy 
platform (Liu et al., 2011).  
The MEDIP-seq data are deposited on the GEO database at the following link: 
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE89255 
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MATHEMATICAL MODELING 
 
A simple computational model of SCN regional coupling under different 
cycle lengths 
  
Modeling description 
We developed a simple model (Fig 5) to illustrate how plasticity in regional 
coupling could drive the observed aftereffects on period. This model is not 
intended to perfectly reproduce the experimental observations (which would 
require a detailed multicellular model), but rather to demonstrate the qualitative 
dynamics resulting from changes to the balance between two hypothetical 
complementary coupling mechanisms. One mechanism synchronizes oscillators 
and also tends to lengthen the period, while the other mechanism tends to 
desynchronize oscillators close in phase. The balance of these two coupling 
functions modulates the phasing and periods of the oscillators, offering a means 
of adaptation to environmental conditions. 
 The model consists of two coupled phase-only oscillators, representing 
the core (vSCN) and shell (dSCN) regions of the SCN. The core region has 
intrinsic period 𝜏𝐶  and phase 𝜙𝐶 , while the shell region has intrinsic period 𝜏𝑆 
and phase 𝜙𝑆. The coupling between the core and shell is composed of two 
complementary mechanisms that depend on the difference in phase: a 
synchronizing signal 𝑆(Δ𝜙) and a signal 𝐷(Δ𝜙) that in some situations tends to 
desynchronize phases, shown in Fig S6a,b. The two regions communicate with 
each other with synchronizing strengths 𝑘𝑆→𝐶  and 𝑘𝐶→𝑆 and desynchronizing 
strengths 𝑑𝑆→𝐶  and 𝑑𝐶→𝑆. The balance among these parameters modulates the 
relative phase and period of the oscillators. The core sends feedback to itself via 
𝑘𝐶→𝐶  and 𝑑𝐶→𝐶 , representing intra-regional coupling. Observe the coupling 
functions are skewed to be nonzero at zero phase difference, so that this auto-
feedback on the core tends to lengthen period through S and shorten period 
through D. Light response by the core region is simulated using a typical phase 
response curve 𝑃(𝜙𝐶) and light function L(t) with L(t)=1 when light is present 
and L(t)=0 otherwise. 
𝑑𝜙𝐶
𝑑𝑡
=
2𝜋
𝜏𝐶
+ 𝑘𝑆→𝐶𝑆(𝜙𝑆 − 𝜙𝐶) + 𝑑𝑆→𝐶𝐷(𝜙𝑆 − 𝜙𝐶) + 𝐿(𝑡)𝑃(𝜙𝐶 , 𝑡) 
+𝑘𝐶→𝐶𝑆(𝜙𝐶 − 𝜙𝐶) + 𝑑𝐶→𝐶𝐷(𝜙𝐶 − 𝜙𝐶) 
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𝑑𝜙𝑆
𝑑𝑡
=
2𝜋
𝜏𝑆
+ 𝑘𝐶→𝑆𝑆(𝜙𝐶 − 𝜙𝑆) + 𝑑𝐶→𝑆𝐷(𝜙𝐶 − 𝜙𝑆) 
 
Under free-running conditions with no inter-regional coupling, the core has 
period 23.6 hours and the shell has period 23.2 hours. With regional coupling 
intact, the system synchronizes with period 23.5 hours. Entrainment to T22, T24, 
and T26 light:dark cycle lengths (also called T-cycles or zeitgeber cycles) occurs 
with the expected phase angle of entrainment and aftereffects on period, as 
shown in Fig 4a, where the coupling signal from the core adapts to the 
entraining light:dark cycle length to allow entrainment to the extreme cycle 
lengths. See Fig S6c for the parameter values used in the different scenarios. 
 To simulate in vitro SCN central coronal slices, the synchronizing function 
𝑆(Δ𝜙) is diminished by 40% in both oscillators, reflecting the disruption of 
coupling likely caused by removing the slice from the SCN. This reduction alters 
the balance between the complementary types of coupling, causing an apparent 
reversal of the period aftereffect of the light:dark cycle lengths when comparing 
behavioral to SCN field rhythms. See Fig 5 for simulated SCN explant field 
rhythms, using a weighted sum of the core and shell: −0.3 cos(𝜙𝐶) − 0.7 cos(𝜙𝑆). 
The weakening of the synchronizing signal causes the regions to push away from 
each other under extreme light:dark cycle lengths, exaggerating the phase 
differences and the resulting period aftereffects: the core precedes the shell 
under the short light:dark cycle length and is shorter in period, while the core 
lags behind shell under the long light:dark cycle length and is longer in period. 
See Fig S6d for a summary of period values in the simulations. 
 The model can also mimic the further SCN explant experiments. An onigiri 
cut (Myung et al., 2012) separating core from shell can be modeled by 
eliminating all inter-regional coupling, which results in greatly attenuated period 
differences between core and shell. TTX treatment can be modeled by reducing 
both 𝑆(Δ𝜙) and 𝐷(Δ𝜙)  by 80% , which virtually eliminates regional period 
differences. Similarly, modeling gabazine treatment by reducing 𝐷(Δ𝜙) by 60% 
also eliminates regional period differences. See Fig S6e for a summary of 
regional period differences in these simulations. Note that the apparent 
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lengthening of the isolated SCN core is due to a change in intra-cellular coupling, 
not to an intrinsic period change of the individual underlying oscillators. 
Further elucidation of the physiological mechanisms underlying period 
aftereffects will likely required a more detailed multicellular model, but this 
simple phase-only 2-oscillator model demonstrates the basic principle: plasticity 
in SCN network coupling in response to environmental conditions could 
parsimoniously explain many of the experimental observations of behavioral and 
SCN period changes. In particular, inter-regional coupling and the balance 
between complementary coupling mechanisms may play key roles in regulating 
SCN organization, providing a means of optimally entraining to changing 
environmental conditions. The challenge of entraining to very short or long 
light:dark cycle lengths may substantially alter the strength and balance of 
regional coupling mechanisms, resulting in both behavioral aftereffects on 
period and the apparent “reversed aftereffects” observed in vitro in the SCN. 
 
Relationship to other work 
Previous modeling work, in conjunction with experiments, has 
demonstrated the importance of the strength and type of coupling among 
oscillators in a network like the SCN. For example, Oda et al. (Oda et al., 2000) 
modeled tau mutant hamsters and found that weakening of the coupling strength 
over time could explain the switch from type 1 to type 0 photic PRC after weeks 
in constant darkness (DD).  Abraham et al. (Abraham et al., 2010) showed that 
reducing coupling strength expands the range of entrainment in SCN explants, 
explained theoretically using a simple 2-variable model and demonstrated 
experimentally using temperature entrainment of tissue cultures. Combined 
experiments and mathematical modeling indicated that tissue-level SCN rhythms 
in Bmal1-null mutant mice, for which dissociated SCN neurons are arrhythmic, 
require intercellular coupling (Ko et al., 2010). Yamaguchi et al. (Yamaguchi et 
al., 2013) found that mice lacking AVP receptors rapidly re-entrain to shifts of 
the light:dark (LD) cycle compared to WT mice, and they demonstrated that 
reduced coupling between oscillators in the SCN shell is sufficient to reproduce 
this, employing a simple phase-only model consisting of 4 coupled oscillators 
(one core, 2 shell, 1 output). Furthermore, coupling can directly effect the period 
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of an oscillator. For instance, increased VIP in the SCN lengthens period (Aton et 
al., 2005; Lucassen et al., 2012; Pantazopoulos et al., 2010), which has been 
reproduced by a model with a VIP-like coupling mechanism (Gonze et al., 2005).   
Network connectivity, which affects overall coupling properties, also 
plays a key role in SCN phase and period organization. Bodenstein et al. showed 
how seasonal adaptation and encoding of day length can be accomplished by 
changing connectivity of SCN network (Bodenstein et al., 2012). A higher fraction 
of long-range cell-to-cell connections leads to tighter phase distribution, 
mimicking short photoperiod days in winter, while a sparser set of connections 
leads to broadened phase distribution, as in long photoperiod days in summer. 
Bordyugov and Herzel model long-time adaptation by adjusting the coupling 
strength between individual SCN neurons according to Hebb’s learning rules 
(“fire together, wire together”) so that coupling between oscillators with similar 
phases is strengthened (Bordyugov and Herzel, 2014).  LD entrainment then 
dynamically partitions the SCN and rearranges the phase distribution of its 
component oscillators (Bordyugov et al., 2015)  
Our modeling suggests that the balance between complementary coupling 
mechanisms may play an important role in shaping the overall properties of the 
SCN. It is known that signaling mechanisms mediated by VIP and GABA play 
distinct roles in coupling SCN neurons, altering the resulting dynamics (Evans et 
al., 2013). GABA may act to destabilize synchrony in the SCN, in contrast to VIP 
that tends to synchronize phases of SCN neurons (Freeman et al., 2013).  Recent 
models (Myung et al., 2015; DeWoskin et al., 2015) have also employed changes 
in balance between synchronizing and destabilizing coupling mechanisms to 
achieve alterations in overall network properties.  These models suggest that 
both the multiple of coupling strength and the phase response curve contributes 
to oscillator frequency.  Such network plasticity could be regulated through a 
combination of changes in the strength and degree of connections and changes in 
the action of coupling mechanisms, in response to changing environmental 
conditions, e.g., to encode seasonal information.  Previous work has also pointed 
to plasticity of the SCN network in response to changing external conditions. For 
example, it was found that GABAergic activity shifts from mostly inhibitory 
under a short-day photoperiod toward excitatory under a long-day photoperiod, 
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demonstrating that environmental conditions can have substantial effects on the 
function of key coupling agents like GABA in the SCN (Farajnia et al., 2014).  
Extreme light:dark cycle lengths may exaggerate such changes, facilitating the 
study of adaptation of the SCN network to external stimuli.  
 
Computational methods 
All simulations were run in MATLAB R2014a (MathWorks, Natick, MA) 
using ode45 with maximum step size 0.1h. Period in each simulation was 
calculated as 2 divided by the average angular frequency across 3 days (final 
phase minus initial phase, divided by total time). 
 
REFERENCES 
 
Abraham, U., Granada, A.E., Westermark, P.O., Heine, M., Kramer, A., and Herzel, 
H. (2010). Coupling governs entrainment range of circadian clocks. Molecular 
systems biology 6, 438. 
Aton, S.J., Colwell, C.S., Harmar, A.J., Waschek, J., and Herzog, E.D. (2005). 
Vasoactive intestinal polypeptide mediates circadian rhythmicity and synchrony 
in mammalian clock neurons. Nature neuroscience 8, 476-483. 
Bodenstein, C., Gosak, M., Schuster, S., Marhl, M., and Perc, M. (2012). Modeling 
the seasonal adaptation of circadian clocks by changes in the network structure 
of the suprachiasmatic nucleus. PLoS Comput Biol 8, e1002697. 
Bordyugov, G., Abraham, U., Granada, A., Rose, P., Imkeller, K., Kramer, A., and 
Herzel, H. (2015). Tuning the phase of circadian entrainment. Journal of the 
Royal Society, Interface / the Royal Society 12, 20150282. 
Bordyugov, G., and Herzel, H. (2014). The suprachaismatic nucleus as a network 
of coupled oscillators: Adaptation by learning. In Dynamics of circadian 
oscillations in the suprachiasmatic nucleus, K. Honma, ed. (Hokkaido: Hokkaido 
University Press), pp. 173-184. 
Chen, T.W., Li, H.P., Lee, C.C., Gan, R.C., Huang, P.J., Wu, T.H., Lee, C.Y., Chang, Y.F., 
and Tang, P. (2014). ChIPseek, a web-based analysis tool for ChIP data. BMC 
genomics 15, 539. 
Evans, J.A., Leise, T.L., Castanon-Cervantes, O., and Davidson, A.J. (2011). Intrinsic 
Regulation of Spatiotemporal Organization within the Suprachiasmatic Nucleus. 
PloS one 6. 
Evans, J.A., Leise, T.L., Castanon-Cervantes, O., and Davidson, A.J. (2013). 
Dynamic Interactions Mediated by Nonredundant Signaling Mechanisms Couple 
Circadian Clock Neurons. Neuron 80, 973-983. 
Page 16
  
Farajnia, S., van Westering, T.L., Meijer, J.H., and Michel, S. (2014). Seasonal 
induction of GABAergic excitation in the central mammalian clock. Proceedings 
of the National Academy of Sciences of the United States of America 111, 9627-
9632. 
Freeman, G.M., Jr., Krock, R.M., Aton, S.J., Thaben, P., and Herzog, E.D. (2013). 
GABA networks destabilize genetic oscillations in the circadian pacemaker. 
Neuron 78, 799-806. 
Gonze, D., Bernard, S., Waltermann, C., Kramer, A., and Herzel, H. (2005). 
Spontaneous synchronization of coupled circadian oscillators. Biophysical 
journal 89, 120-129. 
Ko, C.H., Yamada, Y.R., Welsh, D.K., Buhr, E.D., Liu, A.C., Zhang, E.E., Ralph, M.R., 
Kay, S.A., Forger, D.B., and Takahashi, J.S. (2010). Emergence of noise-induced 
oscillations in the central circadian pacemaker. PLoS biology 8, e1000513. 
Li, H., and Durbin, R. (2009). Fast and accurate short read alignment with 
Burrows-Wheeler transform. Bioinformatics 25, 1754-1760. 
Lienhard, M., Grimm, C., Morkel, M., Herwig, R., and Chavez, L. (2014). MEDIPS: 
genome-wide differential coverage analysis of sequencing data derived from 
DNA enrichment experiments. Bioinformatics 30, 284-286. 
Liu, T., Ortiz, J.A., Taing, L., Meyer, C.A., Lee, B., Zhang, Y., Shin, H., Wong, S.S., Ma, 
J., Lei, Y., et al. (2011). Cistrome: an integrative platform for transcriptional 
regulation studies. Genome biology 12, R83. 
Lucassen, E.A., van Diepen, H.C., Houben, T., Michel, S., Colwell, C.S., and Meijer, 
J.H. (2012). Role of vasoactive intestinal peptide in seasonal encoding by the 
suprachiasmatic nucleus clock. The European journal of neuroscience 35, 1466-
1474. 
Myung, J., Hong, S.H., Hatanaka, F., Nakajima, Y., De Schutter, E., and Takumi, T. 
(2012). Period Coding of Bmal1 Oscillators in the Suprachiasmatic Nucleus. 
Journal of Neuroscience 32, 8900-8918. 
Oda, G.A., Menaker, M., and Friesen, W.O. (2000). Modeling the dual pacemaker 
system of the tau mutant hamster. Journal of biological rhythms 15, 246-264. 
Pantazopoulos, H., Dolatshad, H., and Davis, F.C. (2010). Chronic stimulation of 
the hypothalamic vasoactive intestinal peptide receptor lengthens circadian 
period in mice and hamsters. American journal of physiology Regulatory, 
integrative and comparative physiology 299, R379-385. 
Sellix, M.T., Evans, J.A., Leise, T.L., Castanon-Cervantes, O., Hill, D.D., DeLisser, P., 
Block, G.D., Menaker, M., and Davidson, A.J. (2012). Aging differentially affects 
the re-entrainment response of central and peripheral circadian oscillators. The 
Journal of neuroscience : the official journal of the Society for Neuroscience 32, 
16193-16202. 
Yamaguchi, Y., Suzuki, T., Mizoro, Y., Kori, H., Okada, K., Chen, Y., Fustin, J.M., 
Yamazaki, F., Mizuguchi, N., Zhang, J., et al. (2013). Mice genetically deficient in 
vasopressin V1a and V1b receptors are resistant to jet lag. Science 342, 85-90. 
 
 
Page 17
Article
Network Dynamics Mediate Circadian Clock
Plasticity
Highlights
d Circadian phasing of SCN subregions is stably altered by
light:dark cycle length
d Changes in DNA methylation are region specific and
necessary for network changes
d SCN network reorganization requires GABAergic signaling
d Interruption of neural communication abolishes circadian
aftereffects of altered light
Authors
Abdelhalim Azzi, Jennifer A. Evans,
Tanya Leise, Jihwan Myung,
Toru Takumi, Alec J. Davidson,
Steven A. Brown
Correspondence
jennifer.evans@marquette.edu (J.A.E.),
adavidson@msm.edu (A.J.D.),
steven.brown@pharma.uzh.ch (S.A.B.)
In Brief
Altered light exposure stably changes the
period of daily rhythms. This change in
period is driven epigenetically, not by
changes in the clock properties of
individual cells, but by changes in neural
communication among clock cells.
Accession Numbers
GSE89255
Azzi et al., 2017, Neuron 93, 441–450
January 18, 2017 ª 2017 Elsevier Inc.
http://dx.doi.org/10.1016/j.neuron.2016.12.022
Neuron
Article
Network Dynamics Mediate Circadian Clock Plasticity
Abdelhalim Azzi,1,6 Jennifer A. Evans,2,6,* Tanya Leise,3 Jihwan Myung,4 Toru Takumi,4 Alec J. Davidson,5,*
and Steven A. Brown1,7,*
1Institute of Pharmacology and Toxicology, University of Zurich, Winterthurerstrasse 190, 8057 Z€urich, Switzerland
2Department of Biomedical Sciences, College of Health Sciences, Marquette University, 1250W.Wisconsin Ave., Milwaukee,WI 53233, USA
3Department of Mathematics and Statistics, Amherst College, 220 S. Pleasant St., Amherst, MA 01002, USA
4RIKEN Brain Science Institute (BSI), 2-1 Hirosawa Wako City, Saitama 351-0198, Japan
5Department of Neurobiology, Morehouse School of Medicine, 720 Westview Dr., Atlanta, GA 30310, USA
6Co-first author
7Lead Contact
*Correspondence: jennifer.evans@marquette.edu (J.A.E.), adavidson@msm.edu (A.J.D.), steven.brown@pharma.uzh.ch (S.A.B.)
http://dx.doi.org/10.1016/j.neuron.2016.12.022
SUMMARY
A circadian clock governs most aspects of mamma-
lian behavior. Although its properties are in part
genetically determined, altered light-dark environ-
ment can change circadian period length through a
mechanism requiring de novo DNA methylation. We
show here that this mechanism is mediated not via
cell-autonomous clock properties, but rather
through altered networking within the suprachias-
matic nuclei (SCN), the circadian ‘‘master clock,’’
which is DNA methylated in region-specific manner.
DNA methylation is necessary to temporally reorga-
nize circadian phasing among SCN neurons, which
in turn changes the period length of the network as
a whole. Interruption of neural communication by
inhibiting neuronal firing or by physical cutting
suppresses both SCN reorganization and period
changes. Mathematical modeling suggests, and ex-
periments confirm, that this SCN reorganization
depends upon GABAergic signaling. Our results
therefore show that basic circadian clock properties
are governed by dynamic interactions among SCN
neurons, with neuroadaptations in network function
driven by the environment.
INTRODUCTION
Neurons in many parts of the brain show functional adaptations
in response to the signals they receive. Such neuroplasticity is
the basis not only for memory, but for numerous other cognitive
and emotional responses (Marsden, 2013). As in higher-order
cognitive function, the process of biological timing is also mark-
edly plastic. However, the mechanisms of this plasticity remain
mostly unexplored.
Circadian clocks control and synchronize most behavioral and
physiological processes of the organism to the 24 hr solar day.
The fundamental unit of circadian timing is cell autonomous: at
themolecular level, circadian clocks are based primarily upon in-
terconnected transcription-translation feedback loops that func-
tion within nearly every cell of the body. Anatomically, these
clocks are hierarchically organized under a master clock located
in the suprachiasmatic nuclei (SCN) of the hypothalamus, a
network of several thousand neural clock cells (Brown and
Azzi, 2013). SCN neurons are divided into at least two distinct
populations—a ventral (vSCN) ‘‘core’’ region that receives retinal
projections, and a dorsal (dSCN) ‘‘shell’’ that projects to other
brain areas (Antle and Silver, 2005). These regions form a circuit
that is locally and regionally coupled via multiple signaling mech-
anisms (Aton and Herzog, 2005) that confer robustness and
precision to the SCN clock mechanism (Abraham et al., 2010;
Herzog et al., 2004; Liu et al., 2007).
Genetic alterations of clock properties at the molecular level
produce corresponding changes in daily behavioral rhythms
(Lowrey et al., 2000; Toh et al., 2001), which have been localized
to the SCN rather than elsewhere in the brain or body (Low-Zed-
dies and Takahashi, 2001; Ralph et al., 1990). Epigenetic
changes are similarly possible: we and others have shown previ-
ously that exposing genetically identical mice to non-24 hr light:
dark cycles (‘‘Zeitgeber periods,’’ Aschoff and Pohl, 1978) results
in stable changes of endogenous free-running period lasting
several months, termed ‘‘aftereffects’’ (Pittendrigh and Daan,
1976), which depend on dynamic DNA methylation in SCN cells
(Azzi et al., 2014). Plasticity in circadian period appears to be a
conserved property of the mammalian timing system, as similar
behavioral effects have been observed in humans (Scheer et al.,
2007). Effects of other changes in light-dark cycle, such as
changes in the proportion of light and dark within the 24 hr day
(photoperiod, which is seasonally variant in nature) or erratic
light-dark cycles, have also been examined. For example, DNA
methylation also plays an important role in regulating seasonal
endocrine changes (Stevenson and Prendergast, 2013). How-
ever, unlike the ‘‘zeitgeber periods’’ mentioned above, neither
photoperiod nor erratic light-dark cycles have shown significant
long-lasting period aftereffects (Pittendrigh and Daan, 1976).
In rodents, SCN function has been studied using ex vivo sys-
tems, where changes in clock properties are revealed using real-
time fluorescence or bioluminescence monitoring of SCN slices
from transgenic rodents: PER1:GFP (Kriegsfeld et al., 2003),
Per1-luc (Stokkan et al., 2001), Bmal1-luc (Nakajima et al.,
2010; Nishide et al., 2006), and PER2::LUC mice (Pendergast
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et al., 2010; Yoo et al., 2004) each have reporter gene expression
timed by endogenous clock properties. The topology of SCN
networks examined with these tools shows remarkable plas-
ticity. For example, we and others have shown that themolecular
clocks of SCN neurons change their phase in a region-specific
manner after changes in the light:dark cycle (Evans et al.,
2013; Nagano et al., 2003; Nakamura et al., 2005; Sellix et al.,
2012). The circadian period length in SCN slices normally corre-
lates tightly with behavioral period length (Liu et al., 1997; Yoo
et al., 2004; Myung et al., 2012). Surprisingly, however, in the
case of altered day-night period (light:dark cycle length longer
or shorter than 24 hr), the period length of SCN slices shows
an inverse correlation with behavioral period (Aton et al., 2004;
Molyneux et al., 2008). To date, changes in light:dark cycle
length remain the only entrainment condition that causes a dra-
matic mismatch between ex vivo and in vivo rhythms.
Figure 1. Altered Light:Dark Cycle Length
Changes Circadian Behavior and SCN To-
pology
See also Figures S1–S3.
(A) Actograms of wheel running for representative
PER2::LUC mice before, during, and after
entrainment to light:dark cycle lengths of 22 and
26 hr (T22, T26).
(B) Free-running period (mean ± SEM, here and
elsewhere) after entrainment. (n = 4–10/group,
1w-ANOVA F(2,21) = 135.51, p < 0.0001, * Dun-
nett’s post hoc test, p < 0.05).
(C) PER2::LUC bioluminescence intensity (de-
trended bioluminescence relative to maximum) in
representative SCN slices from mice entrained to
different light:dark cycles.
(D) Bar graph of data in (C), n = 5–7 slices/group.
1w-ANOVA F(2,12) = 37.89, p < 0.0001; * Tukey’s
HSD test post hoc test p < 0.01.
(E) Average phase maps for SCN after entrainment
to T22, T24, and T26, illustrating regional differ-
ences in the circadian time (CT) of peak PER2::
LUC expression on the first day in vitro. n = 9–10/
group.
(F) Quantification of average CT peak time on the
first cycle in vitro for dorsal SCN (dSCN) and
ventral SCN (vSCN), as illustrated in (E). dSCN:
1w-ANOVA F(2,28) = 15.89, p < 0.0001; vSCN:
1w-ANOVA F(2,28) = 37.58, p < 0.0001; * Dunnett’s
post hoc test, p < 0.05.
(G) Average phase maps illustrating changes in
regional phase over the first 4 days in vitro for SCN
fromT22, T24, and T26mice. Color scale shows the
time of peak PER2::LUC relative to that for the field
rhythm of the whole slice. n = 9–10/cycle/group.
(H) Average period of dSCN and vSCN regions,
quantified from data in (G). dSCN: 1w-ANOVA
F(2,28) = 4.36, p < 0.05; vSCN: 1w-ANOVA F(2,28) =
4.56, p < 0.05; * Tukey’s HSD test, p < 0.05. Errors
bars are mean ± SE.
Here, we report that SCN regional
coupling is dynamically modulated
to reprogram global clock properties,
providing a mechanism for this mismatch
as well as a surprising and elegant epigenetic path by which the
local environment can stably alter SCN period. This mechanism
could provide a paradigm for understanding other forms of envi-
ronment-related changes in behavior.
RESULTS
Altered Light:Dark Cycle Length Temporally
Reorganizes the SCN Network
Male PER2::LUC mice (Yoo et al., 2004) were entrained to light:
dark cycles either 22, 24, or 26 hr in length (T22, T24, or T26) for
6 weeks. Daily rhythms were influenced by cycle length in a
manner consistent with previous work (Pittendrigh and Daan,
1976). Notably, upon release into constant darkness, T22 mice
displayed free-running rhythms with the shortest period,
whereas T26 mice had the longest period (Figures 1A and 1B).
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Further, the timing of entrained rhythms was altered by cycle
length, with T22 mice displaying the latest times of activity onset
and T26 mice the earliest (Figures S1A and S1B), which is also
expected (Pittendrigh and Daan, 1976). To directly investigate
the neural basis of these period aftereffects, we collected SCN
slices from T22-, T24-, and T26-entrained mice for ex vivo real-
time bioluminometry. In these SCN slices, the inverse correlation
described above is evident between period length in vivo and
ex vivo (Figures 1C and 1D), as reported previously (Aton et al.,
2004; Molyneux et al., 2008). The effect was specific to the
SCN because peripheral tissues such as the liver did not display
PER2::LUC rhythms with an inverse period aftereffect (Fig-
ure S1C; Molyneux et al., 2008).
The observation that the circadian periods at the behavioral
and neural levels do not match is inconsistent with the long-
held theory that cell-autonomous circadian period of SCN cells
determines behavioral period (Herzog et al., 1998; Low-Zeddies
and Takahashi, 2001; Ralph et al., 1990). Therefore, we next
used real-time bioluminescence imaging to investigate the
impact of cycle length on the spatiotemporal function of the
SCN network. Cycle length induced a clear phase separation
among SCN sub-regions that was organized in complementary
manner in T22 versus T26 (Figures 1E and 1F). Relative to the
dSCN, the phase of PER2::LUC rhythms in the vSCN was signif-
icantly earlier in T22, but later in T26 (Figures 1E and 1F). Similar
cycle-induced changes in regional phase were evident
throughout the rostrocaudal SCN (Figure S2A). Surprisingly,
regional phase differences becamemore pronounced each suc-
cessive day in vitro (Figure 1G), suggesting that cycle length
altered period in a region-specificmanner (Figure 1H). In cultured
SCN slices, vSCN showed a shorter period in T22 than in T26 (p =
0.02), whereas dSCN showed a shorter period in T26 than in T22
(p = 0.02) (Figure 1H). In T24, both periods were around 24 hr,
and phase differences were less pronounced (Figure 1H). There-
fore, in SCN slices, the period of the vSCN subregion showed a
positive correlation with cycle length, whereas the dSCN
showed a negative relationship with cycle length (Figure S3).
Thus, the inverse period aftereffect is a region-specific feature
of the SCN network, with the period of the dSCN likely domi-
nating the period of field rhythm of the whole slice measured
with luminometry (Figures 1C and 1D) due to its relatively larger
size and stronger bioluminescence signals (Figure S2B).
Light:Dark Cycle Length Drives Region-Specific
Methylation Changes
We have previously demonstrated that different light:dark cycle
lengths result in dynamic changes in DNA methylation within
the SCN that globally alter transcription of both clock genes
and non-clock genes (Azzi et al., 2014). Given that light:dark cy-
cle length produces region-specific changes in phase, we
decided to re-examine DNA methylation in the SCN separately
for dorsal and ventral regions. Consistent with the phase polari-
zation observed in Figure 1, in fact different sets of genes
showed methylation changes in dorsal versus ventral regions
(Figures 2A and 2B). Far greater changes were observed in
vSCN than in dSCN (Figures 2A and 2B; p < 0.001), which makes
sense because of the innervation of vSCN by the retinohypotha-
lamic tract, the source of light input (Hannibal and Fahrenkrug,
2004; Lokshin et al., 2015). Hierarchical clustering showed that
whereas DNA methylation in the dSCN under different cycle
lengths formed one cluster, methylation in the vSCN formed a
second more diverged cluster (Figure 2C). Examining the
families of genes whosemethylations were altered, themost sig-
nificant categories were neurotransmitter receptors and ion
channels (Figure 3), each represented by a family of multiple
genes including several potassium, calcium, and GABA chan-
nels (Figures S4 and S5). Collectively, these ontological analyses
reinforce the idea that altered light:dark cycles might change
networking within the SCN.
SCN Interregional Communication Drives Aftereffects
As demonstrated by many labs, the period length of a circadian
oscillator determines its phase under entrained conditions
(Brown et al., 2008). To explain our data, the easiest explanation
would therefore be that cellular epigenetic changes altered
cellular period lengths, especially within vSCN, thereby driving
phase differences. To test this hypothesis, we prepared SCN
coronal slices from mice entrained to T22, T24, and T26, and
then using a surgical knife, we physically separated SCN slices
into approximate vSCN and dSCN regions. Unexpectedly, pe-
riods of the physically separated SCN sub-regions did not
show significant differences relative to each other or among
the three conditions of T22, T24, and T26 (Figures 4A and 4B).
This result suggested that the changes in SCN period docu-
mented above were not mediated by region-specific changes
in cellular period, but rather by changes dependent upon
communication between SCN sub-regions.
Action potentials and neuropeptides are the main signals
exchanged among SCN neurons (Albus et al., 2005; Aton
et al., 2005; Harmar et al., 2002). To directly examine the role
of intra-network signaling in determining cycle-related changes
in period, we cultured coronal SCN slices of T22, T24, and T26
mice in the presence or absence of 2 mM of tetrodotoxin (TTX)
to block voltage-gated sodium channels (Noda et al., 1986),
and thereby inhibited the firing of action potentials and the syn-
aptic release of SCN coupling factors (Earnest et al., 1991).
Consistent with a primary role for neural communication rather
than cell-autonomous clock properties in driving cycle length-
dependent period changes, blocking synaptic communication
with TTX induced SCN period relaxation to the inverse of what
was observed in its absence (Figures 4C and 4D). Concomi-
tantly, region-specific differences in both period and phase in
SCN slices from T22 and T26 animals were relaxed (Figures 4E
and 4F).
Mathematical Modeling Predicts a Role for GABA
Signaling
To investigate how plasticity in regional coupling could drive the
observed effects of cycle length on period, we created a mathe-
matical model in which vSCN and dSCN oscillators are con-
nected via two complementary coupling mechanisms that
have been revealed experimentally: one mechanism that syn-
chronizes oscillators and another mechanism that desynchro-
nizes oscillators close in phase (Evans et al., 2013; Freeman
et al., 2013a) (Figure 5A). The relative strengths of the two
coupling mechanisms in the model depend on the cycle length,
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and only the coupling signals sent by the vSCN oscillator are
assumed to adapt to the photic condition. The detailed model
is described in Supplemental Information. Modeling an intact
SCN, the system exhibits a delayed phase of entrainment, with
the core (vSCN) leading the shell (dSCN) under T22, and an after-
effect of a shortened period (22.9 hr). Under T26, the shell (dSCN)
precedes the core (vSCN) and displays an advanced phase of
entrainment with a lengthened period (24.5 hr) upon release to
constant darkness (Figure 5B), reproducing what is observed
for mouse behavior in vivo (Figures 1A, 1B, and S1). By contrast,
the model’s simulation of an SCN explant (weighted sum of 30%
core and 70% shell) shows the reverse: in effect, transient dy-
namics due to the reduced synchronization in the slice lead to
an apparent lengthening of the period following T22 and short-
ening following T26 (Figure 5C), as observed in SCN slices (Fig-
ures 1C and 1D). The model also accurately anticipates the dif-
ferences in relative phase (Figure 5B) and in SCN explant
Figure 2. Different Light:Dark Cycle Lengths
Drive Region-Specific Methylation Changes
See also Figures S4 and S5.
(A) Volcano plot depicting differentially methylated
regions (DMRs). DMRs between the SCN sub-re-
gions from different T-cycles are shown in red.
Only MEDIP-sets with a least eight unique mapped
reads used for the analysis were shown.
(B) Bar graph showing the number of DMRs be-
tween the SCN sub-regions.
(C) Correlation analysis of the methylation profiles
between the SCN sub-regions from different T-
cycles across refseq mouse genes (version mm9).
Color and number indicate the correlation co-effi-
cient (Pearson r), calculated via Liu et al. (2011).
period (Figure 5D) that we observed
when comparing T22, T24, and T26 con-
ditions. These modeling results demon-
strate that changes in global period length
can be achieved by changes in coupling
alone, without changing the intrinsic
period of the underlying oscillators, and
that complementary coupling signals
may play an essential role in environ-
mental adaptation.
From this model, a significant predic-
tion also emerges: in particular, the de-
synchronizing coupling signal should
play a critical role in the generation of
period aftereffects, providing a counter-
balance to the synchronizing signal to
facilitate greater adaptability of the SCN
network. Experimentally, it has long
been known that that GABAergic
signaling plays a critical role in maintain-
ing phase relationships among SCN
neurons (Albus et al., 2005) and that de-
synchronizing signals can be GABAergic
(DeWoskin et al., 2015; Evans et al.,
2013; Freeman et al., 2013a; Myung
et al., 2015). Furthermore, the phase response curve for tonic
GABA excitatory and inhibitory stimuli predicted by the detailed
model of DeWoskin et al. (2015) supports the notion that excit-
atory neurotransmission may act as a synchronizing coupling
function, while inhibitory neurotransmission may act as a de-
synchronizing coupling function, analogous to the complemen-
tary coupling mechanisms in our simple model.
To test the prediction that GABA signaling is necessary to
maintain reverse period aftereffects in vitro, we cultured SCN
slices from PER2::LUC mice exposed to T22, T24, and T26 in
the presence or absence of the GABAA receptor antagonist ga-
bazine (10 mM), which acts as an allosteric inhibitor (Ueno et al.,
1997). Consistent with previous findings, gabazine had no ef-
fect on SCN period from T24 mice (Freeman et al., 2013b).
However, gabazine treatment induced complete relaxation of
SCN period from mice entrained to T22 and T26 back to T24
values (Figures 6A and 6B). Therefore, we conclude that
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GABAergic plasticity is necessary to maintain adaptation to
light:dark cycle length.
DNA Methylation Is Necessary for Reverse Period
Aftereffects In Vitro
Finally, if regional DNA methylation plays an important role in
maintaining the SCN phase polarization that we observed,
then it might be expected that inhibition of de novo DNA methyl-
ation would lead to relaxation of these changes and suppres-
sion of the reverse period aftereffects caused by SCN regional
phase polarization. In fact, this is exactly what we observe:
whereas treatment of SCN slices with zebularine (an inhibitor
of DNA methylation) does not alter period in T24-entrained
mice, treatment of slices from either T22- or T26-entrained
Figure 3. Pathways Affected by Light:Dark Cycle-Dependent Methylation
See also Figures S4 and S5. Negative Log of p value plot showing the top ten terms associated with molecular function of differentially methylation regions using
the ENRICHR tool (Chen et al., 2013; Kuleshov et al., 2016).
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mice results in relaxation of their circadian period toward 24 hr
(Figures 6C and 6D).
DISCUSSION
Within the circadian system, many environmental influences act
directly upon components of the cellular molecular clockwork.
For example, light cues induce expression of PER proteins
(Gau et al., 2002; Oster et al., 2003), and metabolic cues activate
sirtuins (Asher and Schibler, 2011; Nakahata et al., 2008). We
show here that light:dark cycle length can stably alter circadian
clock period epigenetically, not bymodifying the intrinsic proper-
ties of cellular clocks, but by spatiotemporal reorganization of
the SCN neural network.
SCN region-specific changes in the timing of clock gene
expression have been documented previously (Evans et al.,
2013; Inagaki et al., 2007; Myung et al., 2015). These works
focused upon photoperiod as a model system, varying the
amount of light and darkness within the 24 hr day. As in this pa-
per, the authors of these studies demonstrated that short or long
photoperiod modulates regional phase polarization within the
SCN. Further, different cell populations along the antero-poste-
rior SCN axis tracked light onset or offset (Inagaki et al., 2007),
much as ventral regions tracked T cycles in our study. Crucially,
however, photoperiodic changes do not induce significant or
Figure 4. SCN Interregional Communication
Drives Light:Dark Cycle Length-Dependent
Period Changes
(A) PER2::LUC rhythms of separated vSCN and
dSCN slices collected from T22, T24, and T26
mice.
(B) Bar graph showing period of separated
vSCN and dSCN slices from T22, T24, and T26
mice. (n = 8–9 mice/group). dSCN: 1w-ANOVA F
(2,22) = 0.543, p = 0.58); vSCN: 1w-ANOVA
F(2,22) = 2.826, p = 0.08.
(C) PER2::LUC rhythms of SCN slices from mice
entrained to different light:dark cycle lengths with
and without 2 mM TTX.
(D) Bar graph showing period of data from (C)
(n = 6–7mice/group). Vehicle: 1w-ANOVA F(2,15) =
13,269 p < 0.0001, * Dunnett’s post hoc test,
p < 0.05; TTX: 1w-ANOVA F (2,15) = 5.249 p < 0.05;
* Dunnett’s post hoc test, T22 versus T26 p < 0.05.
(E) Average phase maps of PER2::LUC biolumi-
nescence of SCN slices from mice entrained to
different light:dark cycle lengths, with or without
2 mM TTX. n = 8 mice/group. Color scale as in
Figure 1E.
(F) Quantification of regional period differences for
SCN slices cultured with or without 2 mM TTX.
y axis, period of the dSCN subtracted from the
period of the vSCN. Statistics–Vehicle: 1w-ANOVA
F(2,28) = 11.28, p < 0.0001; TTX: 1w-ANOVA
F(2,28) = 5.22, p < 0.05; * Tukey’s HSD test, p <
0.05. Errors bars are mean ± SE.
long-lasting period aftereffects (Pitten-
drigh and Daan, 1976), suggesting that
the mechanisms maintaining these
network reorganizations might be different from those we
characterize here.
Similar to manipulating light:dark length, however, these
other paradigms established a strong role for GABA in main-
taining phase relationships among SCN neurons (Albus et al.,
2005; DeWoskin et al., 2015; Evans et al., 2013; Freeman
et al., 2013a; Myung et al., 2015). Indeed, in seasonal timing,
the polarity of postsynaptic currents induced by GABA may
be an important determining factor (Evans et al., 2013; Farajnia
et al., 2014; Myung et al., 2015). In other paradigms such as
photoperiod, roles for additional coupling mechanisms such
as neuropeptides like VIP (vasoactive intestinal polypeptide)
have also been supported (Evans et al., 2013). For light:dark
cycle length, independent roles for different synaptic and
neuropeptidergic coupling modalities will require additional
studies.
Fascinatingly, our data suggest that changes in coupling
and regional phase themselves can alter circadian period.
The plausibility of such a mechanism is shown not only by
our own model, but also by other theoretical frameworks
(DeWoskin et al., 2015; Herzog et al., 2004; Oda and Friesen,
2002). The overall picture that emerges is one in which cycle
length epigenetically reprograms DNA methylation in the
SCN. These modifications in turn lead to a change in
coupling, triggering the network to reorganize to find a new
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phase and period equilibrium. In this way, changes in network
topology result in changes to basic clock properties like
period length.
Input-dependent changes to the firing properties of neural
circuits are essential to most aspects of brain function,
including cognitive and emotional processing (Malenka and
Bear, 2004). Our results show that neuroadaptations in the
circadian clock in fact coopt some of these same paradigms.
Moreover, although the processes that drive circadian timing
and memory are quite different, the data we present suggest
that essential characteristics of the adaptive process may be
Figure 5. Modeling Predicts that GABAergic
Signaling Is Necessary for Light:Dark Cycle
Length-Dependent Period Changes
See also Figure S6.
(A) Our model consists of two coupled phase-
only oscillators, representing the core (vSCN)
and shell (dSCN) regions of the SCN. The core
region has intrinsic period tC and phase fC,
while the shell region has intrinsic period tS and
phase fS. The coupling between the core and
shell is composed of two complementary
mechanisms that depend on the difference in
phase: a synchronizing signal SðDfÞ and a signal
DðDfÞ that in some situations tends to de-
synchronize phases.
(B) Actograms of model simulations of whole
SCN entrained to T22 (left), T24 (middle), and
T26 (right) conditions, followed by aftereffects in
constant darkness, which correspond to the
preceding cycle lengths. Darkness is indicated in
gray. Blue indicates subjective night (CT12–
CT24) of the core oscillator (vSCN) and red
shows subjective night of the shell oscillator
(dSCN), with overlap appearing purple.
(C) Simulations of SCN explant rhythms under
different light:dark cycle lengths. y axis, relative
amplitude of summed components. (A) The
simulated field rhythms are a weighted sum of
core (30%) and shell (70%) and exhibit
reversed aftereffects on period. Core, shell,
and field rhythms of a simulated SCN slice are
also shown following entrainment to (B) T22, (C)
T24, and (D) T26. See Figure S6 for period
values.
identical: DNA methylation has been
shown to be important not only for sta-
ble responses of the circadian clock to
environmental change (Azzi et al.,
2014; Stevenson and Prendergast,
2013), but also for long-term memory
(Zovkic et al., 2013) and for changes in
adult behavior as a consequence of
maternal care (Weaver et al., 2004).
Thus, the process of environmental
adaptation via first epigenetic changes
and then circuit-level reorganization to
elicit behavioral change may be a uni-
versal feature of the process of neuroa-
daptation that is conserved across a wide range of behavioral
processes.
EXPERIMENTAL PROCEDURES
For further information, see Supplemental Experimental Procedures.
Animals
Details of strains and husbandry are available online. In brief, male PER2::LUC
mice (Yoo et al., 2004) 4–6weeks of agewere exposed to one of the three light-
ing conditions: a standard 24 hr cycle (abbreviated T24) with 12 hr of light and
12 hr of darkness (LD 12:12), a short 22 hr cycle with LD 11:11 (T22), or a long
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26 hr cycle with LD 13:13 (T26). After 6 weeks, mice were either sacrificed
immediately or released into constant darkness (DD) for 5–7 days to verify
altered free-running period, prior to tissue collection. All animal experiments
were conducted in accordance with applicable veterinary law of the Zurich
cantonal veterinary office and the NIH Guide for the Care and Use of Animals.
Experiments were approved by the Zurich cantonal veterinary office and Insti-
tutional Animal Care and Use Committee of Morehouse School of Medicine.
SCN Cultures
For luminometry experiments, one coronal SCN slice (250 mm) was collected
from the middle part of the SCN. For SCN imaging, three consecutive slices
(150 mm thickness) were collected corresponding to the rostral, middle, and
caudal SCN. Liver was excised and trimmed by hand with a scalpel. SCN
and liver samples were cultured on a membrane (Millipore) in 1.2 mL medium
containing 0.1 mM luciferin (Molecular Imaging Products, Bend, or Regies
Technologies). For luminometry experiments, bioluminescence was collected
in counts per minute for 5–6 days without medium change using a photomul-
tiplier tube. For imaging experiments, SCN bioluminescence was monitored
for at least 4 days using a Stanford Photonics XR Mega 10Z cooled intensified
CCD camera and Piper software (Stanford Photonics). For drug treatments,
tetrodotoxin (TTX; 2 mM, Tocris) or gabazine (GABAz; 10 mM, Tocris) were
added to culture medium immediately upon dissection and remained in the
culture medium for the duration of the recording.
Data Analysis
Wheel running rhythms were monitored and analyzed with the Clocklab data
collection and analysis system (Actimetrics). Bioluminescence time series
from photomultiplier tubes were analyzed with Lumicycle software (Actimet-
rics). For imaging data, PER2::LUC expression was mapped and analyzed us-
ing custom scripts in MATLAB 2014a (MathWorks), as described previously
(Evans et al., 2011; Sellix et al., 2012). Briefly, SCN phase maps were gener-
ated for each 12-pixel diameter ROI judged to exhibit a significant circadian
rhythm, and cell-like regions of interest (ROIs) were located and extracted after
background and local noise subtraction. Behavioral and PER2::LUC data were
analyzed with one way ANOVA followed by Dunnett’s or Tukey’s HSD post hoc
tests. Data in figures and text are presented as mean ± SEM.
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Figure S1.  Differences in entrainment phase of animals housed in 
different day lengths, and aftereffects in peripheral tissues. (See also 
Fig 1) 
(a) Actograms of wheel running for representative PER2::LUC mice 
entrained to different day lengths of 22, 24, and 26 hours (T22, T24, T26). 
Yellow shading indicates the light phase. (b) Phase of activity onset (PAEon) 
and offset (PAEoff) during entrainment, relative to dawn or dusk. N=6-10. 
Bars represent mean+/-s.e.m. (c) Bar graphs showing relative phase and 
period of liver slices from PER2:luc mice entrained to T22, T24, and T26, 
and released into constant darkness for one week. Bars represent mean+/-
s.e.m.  n =8-20/group. 
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Figure S2 
Figure S2. Details of SCN reorganization by light:dark cycles. (See 
also Fig 1.) 
(a) Cycle length reorganizes the entire SCN network along its 
rostrocaudal extent. (b) Relative intensity (top) and phase of peak 
bioluminescence (bottom) of SCN slices from mice entrained to different 
day lengths. n = 9-10/group. 
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Figure S3 
a 
b 
Figure S3. Correlations between phase and period in vivo and in vitro. (See 
also Fig 1.) 
(a) Correlations between free-running behavioral period and the period of dorsal and 
ventral regions in SCN slices from the same animals. dSCN: R2 = 0.63, p < 0.0001; 
vSCN: R2 = 0.33, p < 0.005 (b) Correlations between time of activity onset and peak 
time of SCN subregions. dSCN: R2 = 0.21, p < 0.05; vSCN: R2 = 0.59, p < 0.0001.  
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Figure S4.  Further bioinformatics information.  (See also Figs 2,3.) 
(a) Clustergram showing genes that are related to the top 10 GO terms 
associated with molecular function of differentially methylation regions in the 
ventral and dorsal SCN of the T-cycle mice. Numbers shows the top 10 Go 
terms presented in Figure 3. red cells indicate genes that are associated with 
the GO term.  See also Figs 2,3. 
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Figure S6 
Figure S6. 
Page 7
	 	 		
	
	
Table	S1,	related	to	Figure	2.		Results	supplied	as	a	separate	Excel	file	showing	a	list	of	differentially	methylated	regions	(DMRs)	in	SCN	subregions	of	mice	entrained	to	different	light:dark	cycles.				Abbreviations:	Chr,	chromosome;	RPKM,	reads	per	kilobase	per	million	mapped	reads;	edgeR.logFC,	log2	fold	change	calculated	using	the	EdgeR	method;	edgeR.p.value,	the	p-value	threshold	as	calculated	by	the	EdgeR	method.	 	
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SUPPLEMENTARY METHODS 
Animals:  
Homozygous PERIOD2::luciferase (PER2::LUC) knock-in mice, generated 
on a C57Bl/6 background (RRID:MGI:3042019), were bred and raised under a 
24h light: dark (LD) cycle with 12h of light and 12h of darkness (LD12:12). After 
weaning, mice were group-housed in cages without running wheels. Ambient 
temperature was maintained at 22C, and mice had ad libitum access to water 
and food. All animal experiments were conducted in accordance with applicable 
veterinary law of the Zurich cantonal veterinary office and the NIH Guide for the 
Care and Use of Animals. Experiments were approved by the Zurich cantonal 
veterinary office and Institutional Animal Care and Use Committee of Morehouse 
School of Medicine. 
 
SCN Cultures:  
Male PER2::LUC mice were sacrificed with CO2 asphyxiation and cervical 
dislocation. Brains were removed, bathed in chilled Hank’s balanced salt 
solution, and sectioned in the coronal plane with a motorized vibratome 
(Campden Instruments, Lafayette, IN or LEICA VT12002). 
 
Additional information about data analysis: 
Phase angle of entrainment (PAE) was quantified as the difference 
between the time of lights-off and average activity onset (PAEon) or the 
difference between the time of lights-on and average activity offset (PAEoff). 
Activity duration was calculated as the difference between average activity offset 
and onset.  To assess aftereffects on free-running rhythmicity, period was 
determined from a linear regression fit to the time of activity onset on five 
consecutive days under DD, excluding the first day after release.  For 
bioluminometry, peak time was defined as the apex of the PER2::LUC rhythm for 
each of the first 3-6 cycles in vitro. A damped sine wave was fit to the PER2::LUC 
record of each sample, which was used to extract period, amplitude, damping, 
and goodness of fit (% variance from the fitted curve).   For image analysis, SCN 
phase maps were generated for each 12-pixel diameter ROI judged to exhibit a 
Page 9
  
significant circadian rhythm. For composite phase maps, a representative slice 
set was selected to which other slice sets were aligned. As in (Sellix et al., 2012) 
both lobes were superimposed by mirroring the right lobe onto the left. To locate 
and extract data from cell-like ROIs, an iterative process was employed after 
background and local noise subtraction as in (Evans et al., 2011; Sellix et al., 
2012). The average of cell-like ROIs within each region was calculated for each 
animal to avoid spurious results caused by the large number of cells obtained 
within each region (average cell-like ROIs/region = 73). 
 
Methyl-DNA immunoprecipitation: 
Six-week-old wild-type mice (C57BL/6Cr1) were entrained to the 
indicated light:dark cycle length. After 6 weeks, we recorded wheel-running 
behavior in constant darkness. After 3 days in DD, we used Clocklab software to 
predict time of activity onset for each mouse. Brains were isolated at CT4 and 
then sliced immediately using vibratome, one coronal SCN slice of ~250μM was 
collected from the middle part of the SCN. Using ophthalmic knife vSCN and 
dSCN sub-regions were separated.  To get enough DNA, a pool of vSCN and dSCN 
was prepared twice from 5 mice from each T-cycle.   
Genomic DNA was extracted from SCN slices by overnight Proteinase K 
digestion, followed by phenol-chloroform and ethanol precipitation. After RNase 
treatment, genomic DNA was sonicated to generate small fragments (average of 
300bp), using a Covaris sonicator (BioRuptor). DNA immunoprecipitation was 
performed using Epiquik™ MeDIP Ultra Kit (Cat# P-1052-24, EPIGENTEK™), 
following manufacturer's instructions. The methylated enriched DNA was then 
used for library preparation using Accel-NGS™ DNA Library Kits (Swift 
Biosciences), following manufacturer's instructions. Quality check, library 
preparation and sequencing were performed by Fasteris (CH).  
 
MeDIP-seq data analysis: 
13-21 x 106 reads were obtained from each meDIP library. Quality control 
was performed on the fasta raw sequence data using FastQC 
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). MeDIP-seq data 
were aligned to the mm9 mouse genome build using the Burrows-Wheeler 
Page 10
  
Alignment tool (BWA) (Li and Durbin, 2009). Mapped reads were than analyzed 
using the MEDIPS package (Lienhard et al., 2014). Methylation score was 
calculated for each region of 500bp across the genome.  CpG density-dependent 
normalization was incorporated.  Pairwise correlation analysis of the genome 
wide coverage profile between MEDIP replicate samples was performed using 
the MEDIPS.correlation function. Pearson correlation coefficient r varied 
between 0.85 and 0.92, indicating good reproducibility of MEDIP-seq signal. 
Differential methylation analysis was performed using MEDIPS in 500bp widows 
excluding regions with less than 8 unique mapped reads. DMR were than 
identified by filtering for a widows associated with a p ≤0.001. DMR were than 
mapped using the web based chip-seq tool “ChIPseek”  (Chen et al., 2014). For 
the correlation analysis of the methylation profiles between the SCN sub-regions, 
wiggle file of 500bp widows across genome were first generated using MEDISP.  
Then, correlation and clustering were performed using the “Multiple wiggle files 
correlation in a given regions” (version 1.0.0) of the online Cistrome-Galaxy 
platform (Liu et al., 2011).  
The MEDIP-seq data are deposited on the GEO database at the following link: 
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE89255 
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MATHEMATICAL MODELING 
 
A simple computational model of SCN regional coupling under different 
cycle lengths 
  
Modeling description 
We developed a simple model (Fig 5) to illustrate how plasticity in regional 
coupling could drive the observed aftereffects on period. This model is not 
intended to perfectly reproduce the experimental observations (which would 
require a detailed multicellular model), but rather to demonstrate the qualitative 
dynamics resulting from changes to the balance between two hypothetical 
complementary coupling mechanisms. One mechanism synchronizes oscillators 
and also tends to lengthen the period, while the other mechanism tends to 
desynchronize oscillators close in phase. The balance of these two coupling 
functions modulates the phasing and periods of the oscillators, offering a means 
of adaptation to environmental conditions. 
 The model consists of two coupled phase-only oscillators, representing 
the core (vSCN) and shell (dSCN) regions of the SCN. The core region has 
intrinsic period 𝜏𝐶  and phase 𝜙𝐶 , while the shell region has intrinsic period 𝜏𝑆 
and phase 𝜙𝑆. The coupling between the core and shell is composed of two 
complementary mechanisms that depend on the difference in phase: a 
synchronizing signal 𝑆(Δ𝜙) and a signal 𝐷(Δ𝜙) that in some situations tends to 
desynchronize phases, shown in Fig S6a,b. The two regions communicate with 
each other with synchronizing strengths 𝑘𝑆→𝐶  and 𝑘𝐶→𝑆 and desynchronizing 
strengths 𝑑𝑆→𝐶  and 𝑑𝐶→𝑆. The balance among these parameters modulates the 
relative phase and period of the oscillators. The core sends feedback to itself via 
𝑘𝐶→𝐶  and 𝑑𝐶→𝐶 , representing intra-regional coupling. Observe the coupling 
functions are skewed to be nonzero at zero phase difference, so that this auto-
feedback on the core tends to lengthen period through S and shorten period 
through D. Light response by the core region is simulated using a typical phase 
response curve 𝑃(𝜙𝐶) and light function L(t) with L(t)=1 when light is present 
and L(t)=0 otherwise. 
𝑑𝜙𝐶
𝑑𝑡
=
2𝜋
𝜏𝐶
+ 𝑘𝑆→𝐶𝑆(𝜙𝑆 − 𝜙𝐶) + 𝑑𝑆→𝐶𝐷(𝜙𝑆 − 𝜙𝐶) + 𝐿(𝑡)𝑃(𝜙𝐶 , 𝑡) 
+𝑘𝐶→𝐶𝑆(𝜙𝐶 − 𝜙𝐶) + 𝑑𝐶→𝐶𝐷(𝜙𝐶 − 𝜙𝐶) 
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𝑑𝜙𝑆
𝑑𝑡
=
2𝜋
𝜏𝑆
+ 𝑘𝐶→𝑆𝑆(𝜙𝐶 − 𝜙𝑆) + 𝑑𝐶→𝑆𝐷(𝜙𝐶 − 𝜙𝑆) 
 
Under free-running conditions with no inter-regional coupling, the core has 
period 23.6 hours and the shell has period 23.2 hours. With regional coupling 
intact, the system synchronizes with period 23.5 hours. Entrainment to T22, T24, 
and T26 light:dark cycle lengths (also called T-cycles or zeitgeber cycles) occurs 
with the expected phase angle of entrainment and aftereffects on period, as 
shown in Fig 4a, where the coupling signal from the core adapts to the 
entraining light:dark cycle length to allow entrainment to the extreme cycle 
lengths. See Fig S6c for the parameter values used in the different scenarios. 
 To simulate in vitro SCN central coronal slices, the synchronizing function 
𝑆(Δ𝜙) is diminished by 40% in both oscillators, reflecting the disruption of 
coupling likely caused by removing the slice from the SCN. This reduction alters 
the balance between the complementary types of coupling, causing an apparent 
reversal of the period aftereffect of the light:dark cycle lengths when comparing 
behavioral to SCN field rhythms. See Fig 5 for simulated SCN explant field 
rhythms, using a weighted sum of the core and shell: −0.3 cos(𝜙𝐶) − 0.7 cos(𝜙𝑆). 
The weakening of the synchronizing signal causes the regions to push away from 
each other under extreme light:dark cycle lengths, exaggerating the phase 
differences and the resulting period aftereffects: the core precedes the shell 
under the short light:dark cycle length and is shorter in period, while the core 
lags behind shell under the long light:dark cycle length and is longer in period. 
See Fig S6d for a summary of period values in the simulations. 
 The model can also mimic the further SCN explant experiments. An onigiri 
cut (Myung et al., 2012) separating core from shell can be modeled by 
eliminating all inter-regional coupling, which results in greatly attenuated period 
differences between core and shell. TTX treatment can be modeled by reducing 
both 𝑆(Δ𝜙) and 𝐷(Δ𝜙)  by 80% , which virtually eliminates regional period 
differences. Similarly, modeling gabazine treatment by reducing 𝐷(Δ𝜙) by 60% 
also eliminates regional period differences. See Fig S6e for a summary of 
regional period differences in these simulations. Note that the apparent 
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lengthening of the isolated SCN core is due to a change in intra-cellular coupling, 
not to an intrinsic period change of the individual underlying oscillators. 
Further elucidation of the physiological mechanisms underlying period 
aftereffects will likely required a more detailed multicellular model, but this 
simple phase-only 2-oscillator model demonstrates the basic principle: plasticity 
in SCN network coupling in response to environmental conditions could 
parsimoniously explain many of the experimental observations of behavioral and 
SCN period changes. In particular, inter-regional coupling and the balance 
between complementary coupling mechanisms may play key roles in regulating 
SCN organization, providing a means of optimally entraining to changing 
environmental conditions. The challenge of entraining to very short or long 
light:dark cycle lengths may substantially alter the strength and balance of 
regional coupling mechanisms, resulting in both behavioral aftereffects on 
period and the apparent “reversed aftereffects” observed in vitro in the SCN. 
 
Relationship to other work 
Previous modeling work, in conjunction with experiments, has 
demonstrated the importance of the strength and type of coupling among 
oscillators in a network like the SCN. For example, Oda et al. (Oda et al., 2000) 
modeled tau mutant hamsters and found that weakening of the coupling strength 
over time could explain the switch from type 1 to type 0 photic PRC after weeks 
in constant darkness (DD).  Abraham et al. (Abraham et al., 2010) showed that 
reducing coupling strength expands the range of entrainment in SCN explants, 
explained theoretically using a simple 2-variable model and demonstrated 
experimentally using temperature entrainment of tissue cultures. Combined 
experiments and mathematical modeling indicated that tissue-level SCN rhythms 
in Bmal1-null mutant mice, for which dissociated SCN neurons are arrhythmic, 
require intercellular coupling (Ko et al., 2010). Yamaguchi et al. (Yamaguchi et 
al., 2013) found that mice lacking AVP receptors rapidly re-entrain to shifts of 
the light:dark (LD) cycle compared to WT mice, and they demonstrated that 
reduced coupling between oscillators in the SCN shell is sufficient to reproduce 
this, employing a simple phase-only model consisting of 4 coupled oscillators 
(one core, 2 shell, 1 output). Furthermore, coupling can directly effect the period 
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of an oscillator. For instance, increased VIP in the SCN lengthens period (Aton et 
al., 2005; Lucassen et al., 2012; Pantazopoulos et al., 2010), which has been 
reproduced by a model with a VIP-like coupling mechanism (Gonze et al., 2005).   
Network connectivity, which affects overall coupling properties, also 
plays a key role in SCN phase and period organization. Bodenstein et al. showed 
how seasonal adaptation and encoding of day length can be accomplished by 
changing connectivity of SCN network (Bodenstein et al., 2012). A higher fraction 
of long-range cell-to-cell connections leads to tighter phase distribution, 
mimicking short photoperiod days in winter, while a sparser set of connections 
leads to broadened phase distribution, as in long photoperiod days in summer. 
Bordyugov and Herzel model long-time adaptation by adjusting the coupling 
strength between individual SCN neurons according to Hebb’s learning rules 
(“fire together, wire together”) so that coupling between oscillators with similar 
phases is strengthened (Bordyugov and Herzel, 2014).  LD entrainment then 
dynamically partitions the SCN and rearranges the phase distribution of its 
component oscillators (Bordyugov et al., 2015)  
Our modeling suggests that the balance between complementary coupling 
mechanisms may play an important role in shaping the overall properties of the 
SCN. It is known that signaling mechanisms mediated by VIP and GABA play 
distinct roles in coupling SCN neurons, altering the resulting dynamics (Evans et 
al., 2013). GABA may act to destabilize synchrony in the SCN, in contrast to VIP 
that tends to synchronize phases of SCN neurons (Freeman et al., 2013).  Recent 
models (Myung et al., 2015; DeWoskin et al., 2015) have also employed changes 
in balance between synchronizing and destabilizing coupling mechanisms to 
achieve alterations in overall network properties.  These models suggest that 
both the multiple of coupling strength and the phase response curve contributes 
to oscillator frequency.  Such network plasticity could be regulated through a 
combination of changes in the strength and degree of connections and changes in 
the action of coupling mechanisms, in response to changing environmental 
conditions, e.g., to encode seasonal information.  Previous work has also pointed 
to plasticity of the SCN network in response to changing external conditions. For 
example, it was found that GABAergic activity shifts from mostly inhibitory 
under a short-day photoperiod toward excitatory under a long-day photoperiod, 
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demonstrating that environmental conditions can have substantial effects on the 
function of key coupling agents like GABA in the SCN (Farajnia et al., 2014).  
Extreme light:dark cycle lengths may exaggerate such changes, facilitating the 
study of adaptation of the SCN network to external stimuli.  
 
Computational methods 
All simulations were run in MATLAB R2014a (MathWorks, Natick, MA) 
using ode45 with maximum step size 0.1h. Period in each simulation was 
calculated as 2 divided by the average angular frequency across 3 days (final 
phase minus initial phase, divided by total time). 
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